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MECHANISM OF WEATHERING 


By A. F. FReDERICKSON 


ABSTRACT 


’ The mechanism of weathering is visualized as a process whereby the hydrogen ions of crystalline water 
are base exchanged for the sodium ions of albite (which is used as a model). The structure of water is dis- 
cussed. The water layers adsorbed on the feldspar exist as a crystalline network with a high degree of order. 
The small hydrogen ions from the water enter the albite and upset the electrical neutrality of the crystal. 
The crystal “attempts” to become neutral again by rejecting the sodium ion which is less strongly held 
than the invading hydrogen ion. This ion substitution causes the crystal to expand and the chemical re- 
activity of the system is increased which hastens the eventual collapse of the crystal. The residual products 
of decomposition are gels or “insoluble” silica depending on the Al/Si ratio existing in the system being 


considered. 


This mechanism is one in which the ions are interdiffusing between two phases in the solid state. This 
concept, if accepted, should have many direct applications to the problems of the role of “solutions” in 


other geological processes. 
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INTRODUCTION 


Hydrogen is one of the most important ele- 
ments affecting geological processes. Its role 
in one of the better known geological processes, 
the weathering process, is discussed in an at- 
tempt to develop an understanding of the mech- 
anism of weathering so that the ideas evolved 
can be used to interpret the phenomena ob- 
served in other systems. 

Weathering, as defined by Reiche (1945), 


. 


1S 


“The response of materials which were in equili- 
brium within the lithosphere to conditions at or 
near its contact with the atmosphere, the hydro- 
sphere, and perhaps still more importantly, the 
biosphere.” 


Because the feldspar minerals are the most 
common constituents of the earth’s crust, 
they have been selected for detailed discussion. 
We are attempting to find out how these min- 
erals, at or near the surface of the earth, re- 
spond to the effects of their environment. The 
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step by step process by which these minerals 
respond to their environment is called, in this 
paper, the mechanism of weathering. 

The weathering process can be conveniently 
discussed under the main headings of physical 


Ficure 1.—Smicon-OxycEN TETRAHEDRON 


The four oxygen ions form a tetrahedron. The 
bottom three ions form a triangle and the top oxy- 
ion sits on the depression between the bottom 
ions. The small silicon ion is “stuffed” into the 
hole between the four oxygen ions. 


and chemical processes further subdivided as 
follows (after Reiche, 1945): 


Physical Processes 


Expansion due to unloading 

Thermal Expansion 

Crystal Growth 

. Colloid plucking 

Mechanical activity of man and other organic 
agencies 


yop 


Chemical Processes 


. Hydration and hydrolysis 
Exchange reactions 

. Oxidation 

. Reduction 


Pon 


The physical and chemical processes are 
closely interrelated. The physical processes 
increase the effectiveness of the chemical 
processes by producing more surface area by 
mechanically breaking up the rocks and thus 
making them chemically more active. By far 
the most important sequence of events in the 


MECHANISM OF WEATHERING 


weathering process is the mechanism of hydn. 
tion and hydrolysis, consequently only these 
will be discussed here. To predict the mecha. 
nism of hydration we must first know a few de. 
tails about the two phases involved: the feldspar 
minerals and water.— 


STRUCTURE OF THE FELDSPAR MINERALS 
General Discussion 


Approximately 90 per cent by volume of the 
earth’s crust is made up of oxygen ions, so it is 
not surprising that the most common minerals 
are oxygen “‘compounds”. As silicon and alu- 
minum are the next most common elements the 
most abundant minerals are aluminum silicates, 
In comparison to oxygen, the size of the 
aluminum and silicon ions is quite small » 
these ions fit into the holes between the oxygen 
ions (Fig. 1). 

By combining the silicon-oxygen tetrahedron, 
consisting of four oxygen and one silico 
ion, in different ways, the structure of each of 
the common rock-forming minerals can hk 
deduced. 

The basic structure of the feldspar minemls 
is made up of a series of four tetrahedra joined 
to make a ring (see the plan view of Fig. 2). 
Two of the tetrahedra have an apex pointing 
up and the apex of the other two is pointing 
downward. By stacking these rings, as show 
in the side view of Figure 2, a three-dimensional 
network results. Notice particularly the rel- 
tively large hexagonal “holes” that exist in such 
a network. 

In addition to the silicon and oxygen ions, 
the mineral albite (NaAISi;0,) contains alv- 
minum and sodium with every fourth black spot 
in Figure 2 being occupied by aluminum. 
Whether or not these aluminum ions are at 
ranged at random or in a regular manner within 


the lattice has not been proved but there iss | 


high probability that most of the aluminum 
ions are arranged in a regular fashion. If a 
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aluminum ion having a valence of +3 subst- & 


tutes for a silicon ion, which has a valence @ 
+4, an extra positive charge must be added 
the crystal to make it electrically neutrd. 
This is accomplished by adding a sodium im 


(valence +1) to the structure. Because all d § 
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cupied in the ideal crystal, the larger sodium 
ions which could not fit into the tetrahedral 
positions must be stuffed into the larger hexa- 
gonal holes in the network. 


Derivation of the Structural Formulae of the 
Feldspar Minerals 


In a network make up of SiO, tetrahedra, 
each of the oxygen ions shares one valence or 
bond with an adjoining oxygen ion of another 
SiO, tetrahedron. The electrical charge on the 
basic unit of the structure will then be: 


Electrical charge 
at re 


1 silicon ion with a valence of 4 

+4 
4 oxygen ions with a valence of 

—2 (but half of the charge on 

each oxygen ion is shared 

with its neighbor so the effec- 

tive charge is —4 instead of 

—8) —4 
Effective charge on the SiO, 


tetrahedra: +4 —-4=0 


For further emphasis, this might be consid- 
ered in another way: Four oxygen ions are con- 
tained in each SiO, tetrahedron; if these tetra- 
hedra are grouped to make a 3-dimensional 
network, each oxygen ion is shared with a 
neighboring tetrahedron hence only half of 
each oxygen ion can be considered as belonging 
to a given silicon ion. This results in 4 halves of 
oxygen ions to 1 silicon which results in a form- 
ula of SiO,. Consider four SiO, units:! 


4[SiO.]° — [SisOg}° 


Now substitute one aluminum for one silicon 
ion and get: 


[AISi;O5}“ 


Balance the charge by adding either a Nat! 
or a K+" jon to electrically neutralize the crystal 
to get: 


NaAlSi;0g Albite, or 
KAISiz0g Orthoclase 





.'In the notation [Si,O,}°, the superscript 0 in- 
dicates the net electrical charge on the unit being 
considered. 
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If 2 aluminum ions substitute for 2 silicon ions, 
anorthite results as follows: 


[Al,Sig0s}* 


Electrically balance the structure with a cal- 
cium ion to get: 


CaAleSi,0s Anorthite 


Structure of Albite 


Because aluminum ions have a different elec- 
tric charge than silicon ions, even though almost 
the same size, substitution of aluminum for 
silicon will result in a network less regular than 
the idealized network shown in Figure 2. The 
symmetry of the network is also influenced by 
the size of the cation that fits into the larger 
holes. The structure is more or less “draped” 
around the cation with the result that the struc- 
tures containing the larger cations are not as 
“slumped” and hence have a higher symmetry 
than those containing the smaller cations, 
sodium and calcium. The actual structure of 
albite (Taylor, ef al., 1934) is shown in Fig- 
ure 3. 

By comparing the two figures, one can see 
that the albite structure is a slightly slumped 
or partially collapsed “ideal” structure. 

The sodium ions are stuffed into the holes in 
the SiO, network. The dotted lines indicate 
which oxygen ions co-ordinate or almost co- 
ordinate with the sodium ion. The valence of 
sodium is +1, consequently the “bond 
strength” of each of the dotted lines is only 
one-sixth because the sodium ion shares its 
charge with each of the six oxygen ions. We can 
therefore see that the sodium ion is not very 
securely held in the lattice. 


STRUCTURE OF WATER 


X-ray work on liquids and water (Fig. 4) 
has shown that liquids, in general, are not 
“amorphous” substances in which the indi- 
vidual ions or ion groups are arranged in a 
random fashion. 

Curves indicating the relative intensity of 
the haloes produced when water is examined by 
x-ray diffraction techniques are shown in Figure 
4, 

In gases, the molecules or ions are arranged 
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MECHANISM OF WEATHERING 


Side View 


FicurE 2.—Basic STRUCTURE OF THE 
FELDSPAR MINERALS 


(After Taylor e# al., 1934.) The structure is 
made up of four tetrahedra arranged in a ring. The 
apex of each of two of the tetrahedra is pointing 
up and, in the side view, are on the “C level”. 
In the plan view, they are marked “C”. The apex 
of the other two point down and are marked “A”. 
By joining the rings together, a network is pro- 

uced. 

The numbers on the oxygen ions (open circles) 
refer to the position of the oxygen ions in Figure 3. 


in a more or less random fashion and the great- 
est amount of blackening of the x-ray film would 


occur where the sone values are very small, 
On the basis of the x-ray diffraction pattern of 
water, it has been deduced that a certain 
regularity of arrangement of the molecules jn 
the liquid exists—much more than in gases and 
slightly less than in some solids. 

Examination of the band spectra yielded by 
water (Mecke and Bauman, 1932) has led to 
the concept that the water molecule has the 
symmetry of a tetrahedron (Fig. 5A) with an 
oxygen nucleus, one electron at each of two 
corners, and two protons or hydrogen ions 
at the other two corners. These negative and 
positive charges co-ordinate with neighboring 
water molecules to give rise to larger tetrahedra 
(Bernal and Fowler, 1933b) (Fig. 5B). 

The larger tetrahedral groups of water mole- 
cules can be arranged in several different man- 
ners. Because the water tetrahedra are similar 
to SiO, tetrahedra, the possible structures can 
be compared to those resulting from packing 
SiO, tetrahedra in different ways. In order of 
decreasing density, the SiO, tetrahedra can be 
arranged to form the minerals quartz, tridymite, 
and cristobalite. Since ordinary ice crystallizes 
with the same structure as tridymite, the only 
structure we need consider for water, which is 
denser than ice, is quartz”. Bernal and Fowler 
have shown that the experimental x-ray dif- 
fraction curve for water, (Fig. 4) is very similar 
in form to, that calculated for this quartz-like 
model’. They visualize that this almost-crystal- 
line structure persists over small regions in the 
liquid and that a constant rearrangement of 


2 Because quartz has a structure that is more 
closely packed, hence denser, than the other ar- 
rangements. 

3 The theoretical curve that most nearly corre- 
sponds to the experimental curve for the x-ray 
scattering of water is one obtained by considering 
that the postulated quartz-like structure has been 
modified by some close packing of the tetrahedra. 
Thermal movement of the tetrahedra of normal 
water causes a breakdown of the quartz-like struc- 
ture and results in a certain portion of the water 
molecules existing in a close packed arrangement. 
As water is cooled, the structure gradually changes 
from the quartz-like to a tridymite-like structure, 
until it assumes the structure of tridymite when it 
freezes into ice. As water is heated, the quartz-like 
structure gradually breaks down until, at high 
temperatures (below the critical point 374°C), it 
behaves like a close packed, ammonia like, ideal 
liquid. The transition between the various forms of 
water is gradual. 
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STRUCTURE OF WATER 


these groups is taking place so that each group 
persists as an identity for only extremely short 


periods of time. 
The anomolous contraction and increase in 


225 


Modern treatment of liquids at interfaces 
stipulate the formation of an electric double 
layer frequently called the Helmholtz double 
layer. The first part of the double layer is more 


FicurE 3.-STRUCTURE OF ALBITE 


(After Taylor, 1934.) Numbers on the oxygen ions indicate the distance of each above a (001) plane, in 
parts per 100, where 100 equals length of c-axis of albite. The same numbers are on the oxygen ions of Fig- 
ure 2 to indicate the position of the collapsed chain in the “ideal” structure. 


density of water between 0° and 4°C. can be 
explained as due to the collapse of the more 
open tridymite structure to the closer packed 
quartz-like arrangement. 

These notes indicate that water can be dis- 
cussed using the same concepts of crystal 
chemistry that are applied to solids. 


MECHANISM OF WEATHERING OF ALBITE 


If an albite crystal is exposed to water or 
water vapor, a film of water is adsorbed onto the 
surface of the albite. This first film of water 
which is attached to the crystal is quite dif- 
ferent from the succeeding “layers” which 
might become attached to the adsorbed water- 
crystal system. 


or less fixed in contact with the crystal surface; 
the other more diffuse layer is less rigidly held 
and is considered as movable. As previously 
mentioned, the water molecule possesses equal 
positive and negative charges. Since the sur- 
face of the albite crystal will have a net nega- 
tive charge‘ due to the large number of oxygen 
ions exposed which do not have one of their 
valence bonds satisfied (Fig. 3), the water 
molecules of the first layer will orient so that 
the positive charges are all pointing in the direc- 
tion of the crystal. This leaves the negative 


4 When a crystal is broken, each of the parts will 
be electrically neutral. However, the larger, more 
easily polarized oxygen ions will make up most of 
the crystal surface and the crystal will have an 
effective negative surface charge. 
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charges facing outward where they will attract 
the positive charges of the next “layer” of 
water. In this manner the thickness of the 
layer increases. However, because the water 
molecules possess a certain amount of thermal 
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FicuRE 4.-THEORETICAL AND EXPERIMENTAL 

X-RAY DIFFRACTION CURVES FOR WATER 


(After Bernal and Fowler, 1933a.) The solid curve 
is derived from the water x-ray diagram. The dashed 
curve is calculated from the assumption that the 
structure of water is that of quartz modified by a 
certain d of close packing. The agreement es- 
sentially differs only by the intensities of the max- 
ima which indicates that the amount of close 
packing is slightly different from the value used in 
the assumption. 


OB 10 


energy, the rigidity with which the succeeding 
layers of water are held to the crystal interface 
and the perfectness of their orientation will 
decrease as the distance from the interface 
increases. Trillat (1930; 1933) found that the 
orientation of various molecules at interfaces 
decreased with the distance from the interface. 
Good (1930) concluded that the transitory 
groups of water molecules were partially or- 
ganized in the form of ice, with about 15 per 
cent of the water in the state of ephemeral ice 
crystals. Macey (1942) drew a diagram to scale 
showing that a basal plane of kaolinite and ice 
structure made a perfect “fit” if one was placed 
on top of the other. He then developed the idea 
that the water immediately above the silicon- 
oxygen layer had an almost perfect crystal 
structure. Applying Good’s results to this 
model, he imagined a lattice extending outward 
from the crystal. At the surface every lattice 
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point should be occupied and, at a given dis- 
tance from the surface, a molecule would more 
probably be found at a lattice point than in 
another position. This is defined as the prob- 





FicurEe 5.—(A) Structure OF THE WATER MOLE- 

CULE, AND (B) TETRAHEDRAL ARRANGEMENT OF 

WaTER MOLECULES AS THEY ARE POSTULATED 
TO Exist In WATER AND ICE 


(After Bernal and Fowler, 1933b) 


ability of structure which was considered to be 
unity at the crystal surface; at large distances 
from the interface, the probability of structure 
would be small and approach Good’s figure of 
0.15. 

If these ideas are used in our discussion of 
weathering, we can imagine that the water 
layers near the crystal surface have the crystal- 
line structure of ice and a structure almost 
identical to that of the silicate framework of 
the crystal. The chemical composition, how- 
ever, is different in the two phases because 
no sodium ions occupy the holes available 
in the ice structure and no hydrogen ions occur 


in the albite lattice. As the distance from the Ss 
interface increases, the orderly arrangement of or 
the “adsorbed” crystalline layers of the “liq- 7 


uid” part of the system decreases until it as- 
sumes the quartz-like water structure (Fig. 6). 
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FicureE 6.-D1aGRAMMATIC DRAWING INDICATING THE STRUCTURAL RELATIONSHIPS BETWEEN 
AN ALBITE CRYSTAL AND AN ADSORBED WATER LAYER 


The structure on left is that of ice. Small dots represent the hydrogen ions. 


On the left side of the diagram (Fig. 6), the 
ice structure is drawn to scale and attached to 
the albite structure. Because the structure of 
ice and albite are not perfect “fits”, the arrange- 
ment of the H,O molecules adjacent to the 
interface has been slightly moved around to 
co-ordinate with the albite structure. The 
drawing is obviously idealized but adequately 
shows the concept. 


The individual ice molecules5, represented in 
Figure 6 by balls having a radius of 1.38 A, 
are very similar in size to the oxygen ions in 
the silicate lattice which have a radius of 1.32 
A. If the structure of the adsorbed water layer 
is similar to that of the albite layer, each H2O 
molecule must co-ordinate with one oxygen ion. 


5 The first layers of water, as explained previously, 
have the structure of ice. 
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Each of the H,O molecules has two positive 
charges available and the oxygen ion of the 
crystal requires only one to be electrically neu- 
talized. This results in an excess of hydrogen 
ions at the surface of the crystal. The small hy- 





Ficure 7.—STRUCTURE OF ALBITE AFTER HyDROGEN 
HAS DiIsPLACED A Soprum Ion 


Illustrates how the “hole” in the lattice expands 
due to the repulsion of electrically unsatisfied 
neighboring oxygen ions after the sodium ion has 
been displaced. A potassium ion, drawn to scale, is 
included to indicate that the hole is large enough 
to permit passage of this cation, the largest usually 
encountered in geological systems. 


drogen ion has a strong polarizing (distort- 
ing) effect on the large oxygen ions. If one 
of the excess hydrogen ions on the surface of 
the crystal attaches itself to one of the oxygens 
on the silicate network, the residual charge 
produced by the substitution of aluminum for 
silicon ions in the tetrahedra will be satisfied. 
In fact, one hydrogen ion is more than enough 
to satisfy the residual charge on one oxygen 
ion, so that the hydrogen ion will move to a 
location where two oxygen ions are touching 
each other and it still more than satisfies the 
residual charge on two oxygen ions. It cannot 
satisfy the residual charges in the whole silicate 
lattice in the same manner as the sodium ion; 
it is so small that it can only co-ordinate with a 
maximum of two ions having the size of oxygen 
instead of fitting into a hole like that occupied 
by the sodium ion. 

This small hydrogen ion, then, produces a 
high concentration of charge in a local area. 


MECHANISM OF WEATHERING 


With the introduction of the hydrogen ion into 
the crystal, the lattice will have an excess posi- 
tive charge. Now crystals “like” to be electri 


cally neutral; in fact, this is one of the funda. 
mental rules in crystal chemistry. To reach © 
electrical neutrality, one of the positive charges | 


must be removed from the crystal. Because of 


the small size of the hydrogen ion (it has a large . 
charge per unit volume), it will be held strongly 7 


by the crystal. It can only have a co-ordination © 
number (number of neighbors) of two so the © 
bond strength will be one-half (valence divided | 


by the number of its neighbors). Sodium has a 
bond strength of only one-sixth so, on this con- 


sideration alone, the hydrogen ion is held three 7 
times as tenaciously as is the sodium ion and | 
the sodium ion will be rejected from the struc- § 


ture. 
The sodium ion must travel toward the inter- 
face, because the concentration of sodiumis 


high inside the crystal and zero outside so that § 


a very steep concentration gradient exists. 


For the sodium ions to get out of the crystal, a 


it must be mechanically possible for these ions 


to move. Sufficiently large channelways must § 
exist or be produced in the structure along § 
which the two different ions can move. Hydro- § 
gen presents no problem in this respect because 
it is so small that it can easily move interstitially 


through the holes between the oxygen ions in 


the tetrahedra making up the structure’. 








In an ideal crystal of albite, the hole occupied a 


by the sodium ion is almost large enough for 


the sodium ion to “rattle around” in it, so there 


are more than adequate channelways. 
Figure 7 shows the postulated situation 


% 


inside the albite structure after an hydrogen © 


ion has co-ordinated with two oxygen ions. (For | 


the sake of simplicity, the hydrogen ion in the 


drawing has been placed on one oxygen ion 9 
instead of between two oxygen ions.) The § 


hydrogen ion in this situation is “fixed” and 
the sodium ion is forced to move.’ When the 


sodium ion leaves the hole, all of the negative 


oxygen ions will tend to repel each other. P. 


* Water diffusing through colloids and rocks is 


effectively “sieved.” One should therefore expect © 5 


find a different hydrogen ion isotope ratio in such 
water-rich rocks as clays and serpentines than in 


pure water. Could these rocks, as well as connate 


waters associated with petroleum, be an “ec 
nomic” source of tritum? 
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Repulsion will result in an expansion of the 
crystal at this point. The expansion will not be 
compensated by contraction caused by the 
hydrogen ion because the hydrogen ion is 
co-ordinated between two oxygen ions that are 
already touching. 


the water molecules are rotating and the units 
of crystal structure making up the adsorbed 
layer are constantly breaking up and reforming. 
The rate at which this regrouping and rotation 
process is maintained increases as the distance 
away from the interface increases. Because the 


FicurE 8.-DiAGRAMMATIC REPRESENTATION OF THE MOVEMENT OF A HyprOGEN ION THROUGH 
WATER BY ROTATION OF THE WATER MOLECULES 


(After Bernal and Fowler, 1933b.) 


The expansion of the crystal lattice is ac- 
complished by slight rotations of some of the 
tetrahedra and by an actual movement of the 
tetrahedra away from the point previously 
occupied by the sodium ion. The expansion 
causes the ‘bonds’ between the different SiO, 
units to be strained, so that they are now more 
chemically reactive than before. 

After the lattice has expanded, even the 
potassium ion, about the largest ion com- 
monly encountered in most rocks, can easily 
fit into and move through the hole in the lat- 
tice (Fig. 7). If so the argument presented above 
can be used for the other feldspar minerals 
as well as for albite. 

After the first hydrogen enters the crystal 
and the sodium ion departs, the reaction can 
proceed more rapidly because the volume and 
number of the holes in the structure is larger, 
enabling the cation to get out more easily, 
and the increased chemical reactivity of the 
surface structure caused by the expansion of 
the lattice facilitates its eventual break down. 

For the rate of reaction to be maintained at a 
high level, the sodium ions must be removed 
rapidly to keep a high concentration gradient 
across the interface. As soon as the sodium ion 
crosses the interface, it enters an environment 
very similar to the one which it left. It is sur- 
rounded by oxygen ions as before. Some of 


concentration gradient for sodium is high at 
the interface, a strong tendency exists for it to 
move into the adsorbed or strongly held, more 
crystalline layer and then into the “mobile” 
part of the water system away from the inter- 
face. The greater thermal agitation of the 
“mobile” water also hastens the departure of the 
sodium from the system. If enough water is 
present, the sodium will be removed as a hy- 
droxide (a hydrated sodium ion) and be carried 
away in the groundwater. If only a limited 
amount of water is available, as in desert 
regions, a salt of sodium (Na,COs, etc.) will 
form a crust on the weathering rock only to be 
removed during a wetter season. 

To make the weathering proceed, a constant 
supply of hydrogen ions must be available. 
Unlike the sodium ion which had to move bodily 
through the adsorbed and mobile layers of 
crystalline and less-crystalline water, hydrogen 
ions can be produced at the interface by a simple 
rotation of the water molecules (Fig. 8). In 
this case, a hydrogen ion does not have to move 
bodily from the mobile water but is produced 
or transferred from the bulk of the water system 
by a chain rotation effect that produces hydro- 
gen ions as needed at the interface. Because 
many of these water molecules are rotating at a 
relatively rapid rate anyway, no special energy 
demands on the system are necessary to keep 
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an abundant supply of these ions at the inter- 
face. 


FINAL STAGE IN THE WEATHERING PROCESS 


Murata (1946) has shown that the silicates 
which gelatinize in acids have a AI/Si ratio of 
about two-thirds whereas those that separate 
insoluble clumps of silicate have lesser amounts 
of aluminum. He visualized that the acids, 
which are merely a source of hydrogen ions, 
attacked the silicates and, in all cases, removed 
the cations. Where there was a large amount of 
aluminum in the structure, the acid also broke 
the silicate network at the places occupied by 
the Al ions. 

The size of the fragments of structure that 
persisted, minus the cations removed from 
the system, fell within the colloidal range and 
gels were produced. In those crystals that con- 
tained smaller amounts of aluminum, the 
strong acids merely broke the framework of the 
crystals into larger clumps. These clumps he 
called insoluble silica. 

The results of Murata’s work indicates that, 
as the feldspars weather, they will be converted 
either to colloids or to very small fragments of 
the silicate frameworks. These conclusions are 
substantiated by differential thermal and x-ray 
studies of many shales and soils. The amounts 
of clay usually found in these rocks are sur- 
prisingly small in spite of the fact that the par- 
ticle diameter of the bulk of the individual 
grains is often only a few microns. This implies 
that much of the colloidal silica has been re- 
moved by the ground waters leaving behind 
the “larger” clumps of silicates. These frag- 
ments of crystal lattices are carried down to the 
sea as suspended particles and are distributed 
according to the carrying power of the streams 
and currents and the specific gravity of the 
individual fragments. Sediments made up of 
these small fragments have an enormous 
specific surface and often contain relatively 
large amounts of adsorbed water. If the water 
has been removed by compaction processes, 
mudstones or siltstones result. When wetted, 
these rocks often have a greasy feel indicating 
that they might contain clay minerals’, but 


7A clay mineral is a hydrous aluminum silicate 
n which the water exists as OH™ ions and/or ad- 


x-ray and differential thermal studies indicate Mac 
that rocks of this kind contain very little clay, 
The mechanism by which these clumps, col. & Mec 


loids, and cations come together again to form 
new minerals and rocks is the province of the 
diagenetic process which will be discussed jn 
another paper. 


SUMMARY p- 


The mechanism of weathering is essentially 
a base-exchange process between two similar 
crystal structures with different degrees of 
order. The small size of the hydrogen ion and 
the fact that its introduction into a crystal 
system is an exothermic reaction makes the 
process possible. The mechanical effects of 
this base-exchange reaction is a net expansion 
in the reacting layer of crystal which causes the 
rocks to exfoliate and become more chemically 
reactive. The minerals will break down into © 
colloids or small clumps of insoluble silica is 
depending on the AI/Si ratio in the crystal 
lattice. 

The insoluble clumps of silica or fragments of 
aluminum silicate lattices ranging from the © 
upper limit of the colloidal size-range to micro- 7 
scopic fragments make up the bulk of the rocks © 
known as shales. 

This concept is of great importance where 
other geological processes are to be considered. | 
For example, this mechanism suggests a manner 
by which different ions can bodily move through © 
crystals in metasomatic processes and also 
suggests a means of more clearly defining the 
role of “water” and “hydrothermal solutions” 
in geological processes. 
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MINOR MORAINES IN SOUTH DAKOTA AND MINNESOTA 


By Cuartes S, GWYNNE 


ABSTRACT 


County photo-indexes of glaciated areas of South Dakota and Minnesota show scattered areas of definite 
pattern similar to those of the Mankato lobe in Iowa. 

The areas of best-developed pattern are in southeastern South Dakota, adjacent to James River, and in 
southern Minnesota, in Brown, Cottonwood, Martin, and Watonwan counties. The pattern is interpreted 
as resulting from the presence of deposits made annually in the course of glacial retreat. Most of these 
have low relief and constitute minor moraines. The front of the ice as outlined by them is not in accord with 
the general front of retreat as deduced from the major recessional moraines mapped by earlier geologists. 
Minor moraines, where present in areas mapped as recessional moraines by others, do not generally par- 
allel them in strike. The greater part of the areas of minor moraines lies outside these areas of recessional 
moraines as mapped by others. The areas are generally of relief less than 30 feet per square mile. 

A second type of pattern, present in Morrison County, Minnesota, results from the presence of low swells 
up to half a mile in width, separated by intervening swales, of equal width, with relief of approximately 50 
feet. The photo-index of Hubbard County, Minnesota, discloses an area of pattern of crowded ridges having 
a relief of 200 feet. Still other areas of other parts of the two states have areas of patterns of variable dis- 
tinctness, size, and character. Materials are largely till. 
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INTRODUCTION 


General Statement 


This is an extension of earlier studies of 
minor-moraine patterns on the drift plain of 
the Mankato lobe in Iowa (Gwynne, 1941; 
1942; Gwynne and Simonson, 1942). A pat- 
tern of lenticular light patches on aerial photo- 
graphs and county photo-indexes was inter- 
preted as one of areas of minor moraines de- 
veloped in the course of glacial recession. The 
moraines are aligned approximately parallel 
to the periphery of the drift sheet, and number 
about 15 to the mile across the alignment. They 
are of low elevation, generally less than i0 
feet, and had been previously assumed to be 
random swells of the ground moraine. 

In the present study, county photo-indexes 
and contact prints of the glaciated areas of 
South Dakota and Minnesota were examined. 
Areas having a minor-moraine pattern similar 
to that of the Des Moines lobe were found to 
comprise a relatively small part of the glaciated 
areas of the two states. These and areas of 
larger minor moraines, also having alignment, 
have been studied in the field. Field study con- 
sisted principally of observations of the topog- 
raphy, but material of road and stream cuts 
was also examined. In most places this examina- 
tion took the form of determining whether the 
material was stratified drift or till, and, if the 
latter, whether it seemed ususual in its approxi- 
mate size-particle distribution. 

In this paper the minor-moraine areas will 
be described and their relationships considered. 
Areas of pattern of other types were located 
and examined, but their explanation requires 
further study. It should be emphasized that 
most of the country having this pattern of 
minor moraines is one of very slight relief. 
It has always been considered ground moraine, 
with a random distribution of swells and swales. 
The pattern can hardly be made out from a 
plane, even when the observer is looking for it, 
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Figure 
8. North-south profile across pattern area, 
Morrison County, Minnesota 


Plate 

1. Aerial photographs, South Dakota 
2. Aerial photographs, Minnesota 

3. Aerial photographs, Minnesota 





and then only under particularly favorable | 
conditions. It is recognized from aerial photo. 
graphs because of the soil-color differences of | 
swells and swales. When a county index ona . 
scale of approximately three-quarters of an 
inch to the mile is made from an assemblage § 


of these aerial photographs the pattern becomes 
more definite and apparent. The pattern de @ 


scription is drawn principally from these photo- 


indexes. 
The term minor moraine will be used for the 


pattern which resembles that of the Des Moines 
lobe in Iowa. Individual swells may be referred © 


to either as swells or as minor moraines; the 
intervening depressions will be called swale. & 
The term minor moraine will also be used for es 
other areas in Minnesota wherein the moraines 
have much greater relief and wider spacing, (9 
These, and their parallel arrangement, are 
generally recognizable from the ground, and 
some are like those described by others. The 


term morainic hills will be used for areas char- 


acterized by knobs, hummocks, and closed de § 
pressions, with relief up to 100 feet or more. 


Field Work and Acknowledgments 


Preliminary examination of photo-indexes, 9 
made at state offices of the Agricultural Ad- 
justment Administration in the summer of 
1942, was supported by a grant from the Re 
search Council of Iowa State College. The 
field work accessory to the study of photo- 
indexes was carried on during 4 weeks of July 
and August 1947. Field expenses, photo-in- & 
dexes, and aerial photographs were provided 9% 
by funds from a grant from the Penrose be i 
quest by the Geological Society of America 9 


Permission for the use of aerial photographs 


and photo-indexes of the Agricultural Adjust 5 
ment Administration and the Production Mar § 
keting Administration as illustrations is grate 
fully acknowledged. Thanks are due also to tht 5 
state highway departments of Minnesota ani 
South Dakota for data on elevations. bs 
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Previous Work 


The earliest reconnaissance studies of the 
glacial deposits of eastern South Dakota were 
made by Todd (1896; 1899). Prominent mo- 
raines or belts of moraines were located and 
described, and were designated in part as the 
Bemis, Altamont, or Gary moraines. They were 
shown as approximately looped in arrangement, 
suggesting a lobal retreat up the James River 
valley. In further work by Todd (1903a; 1903b; 
1903c; 1904; 1909) and by Todd and Hall 
(1903; 1904), the moraines along the James 
River valley were located and described in 
greater detail, but topographic surveying was 
of reconnaisance nature. 

The glacial geology of Minnesota and of 
adjacent parts of adjoining states, including 
South Dakota, was studied in considerable 
detail by Leverett (1932). The Bemis, Alta- 
mont, Gary, and later moraines were described. 
The northward extension of the Mankato lobe 
was interpreted as having had an approximate 
axis of retreat which was north-south at the 
southern border of Minnesota and which then 
swung to the northwest, somewhat coincident 
with the Minnesota River valley, thence north- 
south along the Minnesota-North Dakota bor- 
der. The prominent moraines were shown as 
crescentic belts about this axis. 

Minor moraines of greater relief, of more 
ridge-like character, and more easily apparent 
in the field have been described from southern 
Sweden (De Geer, 1940, p. 122, Fig. 34), south- 
ern Finland (Sauramo, 1918, p. 27), and Quebec 
(Norman, 1938; Mawdsley, 1936). These have 
been interpreted as deposits made annually. 
Thwaites (1946, p. 40) has pointed out that the 
parallelism of ridges in a rugged terminal 
moraine may be apparent in vertical aerial 
photographs. Also, that the development of 
minor ridges, trending roughly parallel to the 
ice front, but “irregular in degree” become ap- 
parent in air views of terminal moraines in 
northeastern Wisconsin (1943, p. 99). The drift 
of most of the areas of these writers is mostly 
stratified sand, gravel, and boulders, rather than 
till rich in clay and silt as it is in Iowa (Kay 
and Graham, 1943, p. 34) and as it is in most 
of southern Minnesota and Sonth Dakota. 
Only a few of the areas considered in this 
Paper have minor moraines of relief and char- 


INTRODUCTION 


235 





acter comparable with those described by these 
workers. 

Moraines of such relatively insignificant and 
obscure relief as most of these herein consid- 
ered have been known heretofore only from 
Iowa. There, as stated, they have an align- 
ment approximately parallel to the boundaries 
of the Mankato lobe of the Wisconsin drift 
plain and the area covered by them extends 
back many miles from the margin of the drift 
plain. The pattern outlines the drift plain and 
lacks the knob and kettle features which char- 
acterize many end moraines, though it may ex- 
tend over rough terrain in places. 

Some of the areas of pattern described in 
this paper are in or adjacent to Glacial Lake 
Dakota (Todd, 1909, p. 6; Rothrock, 1943, p. 
30-32; Upham, 1895, p. 226-227). 


DESCRIPTION OF AREAS IN SOUTH DAKOTA 
Introduction 


Only a relatively small part of the glaciated 
area of South Dakota has a pattern of minor 
moraines (Fig. 1). The relief of most of these 
areas is slight, and they resemble in appearance 
areas of minor-moraine pattern in Iowa. A 
few areas are in or adjacent to areas of moranic 
hills, and in some of these the moraines are 
large enough to be recognized from the ground. 


Minor-Moraine Areas, Lower James 
River Basin 


Introduction—Areas of pattern of minor™ 
moraine type are most numerous and distinct 
in James River basin southward from the north- 
east corner of Jerauld County for a distance of 
approximately 100 miles. The minor-moraine 
pattern comprises about 350 square miles in an 
area of about 1600 square miles. 

Davison, Hanson, and Hutchinson counties.— 
The areas of minor-moraine pattern are most 
evident and most nearly continuous in Davison, 
Hanson, and Hutchinson counties, adjacent 
to but mainly west of James River valley (Fig. 
2). The pattern (Pl. 1, fig. 1) closely resembles 
that of the minor-moraine areas on the Mankato 
lobe in Iowa. The lenticular patches are aligned, 
the lines are parallel or subparallel and curve 
in arcuate fashion. The prevailing trend is 
northeast-southwest, but in parts of the area 
is in other directions, so that the pattern has a 
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C. S. GWYNNE—MINOR MORAINES, SOUTH DAKOTA AND MINNESOTA 
Figure 1. Sketcn Map, AREAS OF PATTERN, EASTERN SouTH DAKOTA 
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Areas of pattern and trend of minor moraines shown by short dashed lines. 


Ficure 2. Areas OF PaTreRN, Davison, HANSON, AND Hutcuinson Counties, Sours Dakota 
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their surroundings (Fig. 3). In some places _ the drift plain and contain much stratified drift, 
they are 10 feet or more and in others less than characteristic of ice-front deposits. The minor. 
moraine pattern extends across part of one such 


a foot. 
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Ficure 3. Norts-Soutu Prorizes Across Mrnor-Moraine AreEA, HutcHInson County, Sours Daxora 


Between SW corner sec. 28, T. 98 N., R. 58 W. and SW corner sec. 16, T. 97 N., R. 58 W. Moraine 
trends S. 45° W. Elevations 33 feet east of center line, State Route 35, survey of South Dakota State 


Highway Department. Arrows show moraines. 


Well developed minor-moraine pattern oc- 
curs at many places in the areas of end moraines 
of Todd (1903a; 1903c; 1904; Todd and Hall 
1903), but trend of the pattern in most such 
places does not parallel the trend of these 
moraines (Fig. 1). In many places, the moraine 
areas as mapped by Todd are not areas of 
morainic hills or of unusual relief. Generally 
their relief, estimated to average no more than 
20 feet in a square mile, is no greater than in 
extra-moraine areas. The few areas of morainic 
hills present in the areas of pattern have a 
maximum elevation of 100 feet or more above 


area south of Mitchell in Davison County 
(Pl. 1, fig. 2). 

Roadside cuts in the minor moraines ex 
amined were found to be composed of clayey till, 
with variable content of silt, sand, and coarser 
material. Swales, where examined, were of 
similar materials. Stratified material was noted 
in but few places in the surficial drift of the 
areas of pattern, except in areas of morainic 
hills. 

Notable changes in the trend of the pattem 
occur around morainic hills referred to above. 
This is very apparent south of Mitchell in 





Pirate 1—AERIAL PHOTOGRAPHS, SOUTH DAKOTA 


Photos from PMA—USDA 


FicurE 1. MInor-MORAINE AREAS, Davison CouNTY 
64 miles southwest of Mitchell. 


Ficure 2. Mrnor-morAINE AREA ExTEeNpING Across Morarnic Hints, Davison County 
3 miles south of Mitchell. Morainic hills are marked by X. 
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Davison County. West and southwest of promi- 

nent morainic hills in Sections 4, 5, 8, and 9, T. 
102 N., R. 60 W., (Fig. 2A) the strike of the 
pattern is generally southwestward. East of the 
hills the strike is southeastward. Similar situ- 
ations are found about prominent areas of 
morainic hills at the southwest corner of T. 
99 N., R. 58 W., in Davison County, (Fig. 2B) 
and in secs. 5 and 6, T. 99 N., R. 58 W., in 
Hutchinson County (Fig. 2C). 

Bon Homme and Yankton counties.—The pat- 
tern detail of the small and isolated areas 
farther south in Bon Homme and Yankton 
Counties is of the same character as in Davison, 
Hanson and Hutchinson counties, but less 
distinct. The trend of most of the pattern 
features here is southwest, as it is in counties 
to the north, but one small area of faint pattern 
has a southeastward trend. 

The pattern areas show the same slight relief 
as in the counties farther north. The knolls, 
hummocks, and closed depressions of morainic 
hills are lacking, except in one area west of the 
James River in northwestern Yankton County. 
The material of the swells here also is clayey 
till with a variable content of coarse materials. 

Sanborn and Jerauld counties.—The pattern 
in two small areas in northwestern Sanborn and 
the adjacent parts of Jerauld County is faint 
but nevertheless well defined, and is believed to 
be of the same general character and of the same 
origin as the pattern in the areas in Davison, 
Hutchinson, and Hanson counties. Both of these 
areas are of low relief, similar to that of areas 
of minor-moraine pattern in counties to the 
south. 

The northern of the two areas forms a lobate 
pattern slightly convex southward about a 
center approximately 10 miles west of James 
River. South of this is a smaller area having a 
pattern convex northward. The pattern here is 
crescentic about the north end of a group of 
morainic hills, and is thus similar in its rela- 
tionship to like occurrences in Davison and 
Hutchinson Counties. Material of the patterned 
area is like that of areas previously described. 
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Minor-Moraine Areas, Upper James River Basin 
Spink County—An area of approximately 15 
square miles of pattern features with south- 
southwestward trend occurs in Spink County 
adjacent to the northeast corner of Hand 
County. Pattern of most of the area is of the 
minor-moraine type, but the lenticular patches 
of the eastern part appear crinkled and crowded 
together, and somewhat irregularly aligned. 

This eastern part of the area is in morainic 
hills which trend in the same direction as the 
pattern. Hills have a relief of as much as 75 feet 
in a square mile, and individual minor moraines 
corresponding to the crinkled lenticular patches 
have a relief of 20 feet or more. They are thus 
distinguishable in the field and radically differ- 
ent from minor moraines in country of slight 
relief. This area of pattern is adjacent to one of 
the small areas of the Antelope moraine as 
mapped by Todd (1909) who has shown this 
moraine extending generally southward as a 
belt of isolated areas, each on the average not 
more than a mile across. Deposits are largely 
till. 

Edmunds and McPherson counties.—Areas 
totalling approximately 75 square miles in 
northeastern Edmunds County and southeast- 
ern McPherson County have a rather faint but 
distinguishable pattern interpreted as one of 
minor moraines. Trend is generally southeast- 
ward, and the pattern as a whole slightly 
convex to the southwest. 

This is in an area mapped as Antelope 
moraine by Todd (1909), but morainic hills are 
lacking. The area is one of slight relief, esti- 
mated to average no more than 10 feet per 
square mile. 

East-central McPherson County also has 
small, scattered areas of southwestward-trend- 
ing pattern, totalling approximately 20 square 
miles. The pattern resembles the irregularly 
aligned moraine pattern of Spink County. 

It is plain from the photo-index that these 
areas in McPherson County lie along a belt of 
morainic hills trending in the same direction as 
the pattern. The morainic-hill character is con- 
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Photos from PMA—USDA 


FicureE 1. PATTERN OF SOUTHWESTERN Brown COUNTY 
Comfrey is at the south. 


FicurE 2. PATTERN OF WESTERN Brown County 


Straight southeastward-trending pattern is adjoined at the northwest by faint pattern trending southwest. 
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Ficure 4. Sketch Map, AREAS OF PATTERN, MINNESOTA eS 
Areas of pattern and trend of features shown by short dashed lines. Base map is Pl. 3, U. S. Geological © 
Survey Professional Paper 161, showing moraines of the Wisconsin state. Numbers 4-1, 4-2 refer to areas © 
shown on Pl. 2; Numbers 5-1, 5-2 refer to areas on Pl. 3. 


firmed by field inspection. Hills are estimated rangement is apparent, and they thus differ a 
to have a maximum elevation of approximately from minor moraines in country of slight relief. 77 
150 feet above the drift plain to the east, and an Faulk County.—An area of approximately 20% 
average relief of as much as 75 feet ina square square miles of faint minor-moraine pattern 8 7 
mile. Aligned elevations stand out as ridges apparent in the southeastern corner of Faulk ©) 
approximately 40 feet above the intervening County, extending a few miles into northen 
depressions, and trend in the same direction as Hand County. The trend is generally east-west, 
the belt of morainic hills. Their origin as ridges swinging toward the east-southeast at the east 
developed along the ice-front is clear. They are end. The relief throughout this area is low,7 
easily discernible from the ground, their ar- averaging approximately 10 feet in a squait 
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mile. The area lies just south of an area of 
morainic hills. Todd (1909) shows the eastern 
part of Faulk County to have several small 
areas of moraine. All of these are north of the 
area of minor-moraine pattern. 


Minor-Moraine Areas, Northeastern 
South Dakota 


Roberts County.—Scattered patches of faint 
minor-moraine pattern, amounting to no more 
than 10 square miles, occur in Roberts County, 
north, east and southeast of Sisseton. These 
trend generally southeastward and in the most 
prominent area, northeast of Sisseton, are in an 
area of morainic hills which trend in the same 
direction. The minor moraines in this area have 
a relief up to approximately 20 feet and are 
rather ridge-like, so that they are quite apparent 
from the ground. This belt of morainic hills is 
approximately 6 miles inboard of a major 
moraine of Todd (1896) and Leverett (1932) 
having the same general southeastward trend. 


DESCRIPTION OF AREAS IN MINNESOTA 
Introduction 


Areas of pattern of the minor-moraine type 
similar to those described for Iowa and South 
Dakota are present in many Minnesota counties 
(Fig. 4) but total no more than a few thousand 
square miles. Individually they include areas 
of several hundred square miles. Some are in 
terrain of low relief and others in morainic hills. 
Most of the latter are small, patchy in distri- 
bution, and of variable trend. Some areas of 
definite pattern are in much larger areas of faint, 
streaked pattern not of minor-moraine ap- 
pearance. 

Other types of pattern, formed of minor 
moraines of much greater size, are present over 
considerable areas in a few counties. 

Minor-Moraine Areas, Southern Minnesota 
Redwood, Brown, Cottonwood, Watonwan, 
Martin, and Faribault counties —In Minnesota 
the only region of minor-moraine pattern 
definitely like that of South Dakota and Iowa 
1s one which extends discontinuously from the 
northwest corner of Brown County southeast- 
ward through Watonwan into Martin and 
thence into Faribault County, in the southern 
part of the state (Fig. 5). From Brown County, 
it also extends into small areas of Redwood and 
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Cottonwood counties on the west and Cotton- 
wood County on the south. The pattern of the 
photographs varies greatly in appearance; in 
places it is much like that of areas in South 
Dakota and Iowa; but elsewhere the alignment 
of features is more variable or the pattern is of 
fine texture. 

The total area, exclusive of the small and 
isolated areas in Faribault County, is approxi- 
mately 400 square miles, scattered through 
approximately 1000 square miles. In western 
and south-central Brown and adjacent parts 
of Cottonwood, Watonwan, and Redwood coun- 
ties, the pattern extends over approximately 
200 square miles of the basins of Cottonwood 
and Little Cottonwood rivers, and the country 
east of Lake Hanska. The trend of the pattern 
here is for the most part southwestward, but 
smaller areas trend southeast and east. The 
pattern features of the extreme southwestern 
corner of Brown County are somewhat irregu- 
larly aligned, so that the pattern as it appears 
on the photographs has a blurred appearance 
(Pl. 2, fig. 1). The southeastward-trending 
pattern of the northwestern corner of the 
western extension of Brown County is notably 
straight. A small area adjacent to the north- 
west has minor-moraine pattern of southwest 
trend (PI. 2, fig. 2). 

In southeastern Watonwan County, the 
minor-moraine pattern is definite over approxi- 
mately 25 square miles. This area extends 
southward to include approximately 100 square 
miles of northeastern Martin County, where the 
pattern gradually becomes less distinct. The 
trend of the pattern changes from east-west at 
the east to southwestward over most of the 
area, thus giving to the pattern a crescentic 
arrangement concave to the south. 

An area of about 20 square miles of faint 
minor-moraine pattern of east-west trend ex- 
tends from southwestern Faribault County 
westward into southeastern Martin County and 
southward into Kossuth County, Iowa. An 
area of more definite minor-moraine character 
extends over approximately 100 square miles of 
southeastern Faribault County and several 
square miles of Freeborn County on the east 
and Kossuth County, Iowa, on the south. The 
general trend of the pattern is southwestward, 
but in the southeastern part it is variable, with 
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sharp changes in strike at the crossings of East The pattern extends alike over end-morain not r 
Branch of Blue Earth River and Brush Creek areas mapped by Leverett (1932, PI. 3), includ. such 
and around an area of morainic hills (Fig. 6). ing the Marshall, Antelope, Gary and Altamont, 
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Ficure 5. AREAS OF PATTERN, SOUTHERN MINNESOTA 
Areas of pattern and trend of moraines shown by short dashed lines, somewhat generalized. 


Most of the country covered by this pattern and over intervening ground moraine 3/ 
in all of these counties is one of relatively slight | mapped. The trend of the pattern in most cases | 
relief, and it is estimated that away from areas is at a considerable angle rather than vara 4 
of postglacial erosion the relief per syuare mile to that of these moraines. Only small parts © 
averages no more than 10 feet (Fig. 7). The low _ the end moraines of Leverett, where they are it 
swells forming the pattern are not readily areas of pattern, have topography or reliel 
discernible in the field, and their aligned ar- markedly different from adjacent ground mo) 
rangement would not be suspected. The pres- raine, or in any way corresponding to th Bi 
ence and trend of the pattern in the field is description of morainic hills. <2 
suggested, if one is looking for it, by the shallow Areas of several square miles of morainic hils | a 
weed-covered swales which lie between the low are, however, present in several places in thes) 
swells. counties. Some have minor-moraine patter, 
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such area of morainic hills extends across the 
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not readily discernible from the ground. One 
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estimated to average no more than 10 feet per 
square mile. 
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Ficure 6. SketcH Map, SOUTHEASTERN FARIBAULT CouNTYy, MINNESOTA 
Areas and trend of minor moraines shown by short dashed lines; areas of morainic hills by stippled 


pattern. 


Cottonwood River in the southwestern corner 
of Brown County, in the area of the St. James 
moraine of Leverett (1932). On the photo-index, 
the pattern is made in part of fine white lines 
rather than the usual, broader ones, and the 
trend, which is somewhat variable, is across 
that of the morainic hills. 

The pattern also extends across an area of 
subdued morainic hills in southeastern Faribault 
County (Fig. 6). Another group of morainic 
hills a few miles farther south forms an area 
about which the pattern changes in trend from 
southwest to north-south. This part of Faribault 
County is in an area of the Altamont moraine 
of Leverett (1932, Pl. 2), but most of the area 
1s one in which the relief of uneroded country is 


Minor-Moraine Areas, McLeod, Morrison, and 
Hubbard Counties 


Introduction.—McLeod, Morrison, and Hub- 
bard counties have large areas of pattern which 
are of minor-moraine character, but the mo- 
raines are larger than those of the James River 
basin in South Dakota, the southern counties of 
Minnesota, or the Mankato lobe of Iowa, and 
the pattern of the photo-indexes of Morrison 
and Hubbard Counties is quite different. 

McLeod County.—Definite pattern of south- 
eastward trend extends discontinuously over an 
area of approximately 150 square miles in 
McLeod County and a few square miles of 
Meeker and Renville Counties on the west. 
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Where most definite on the photo-indexes, the 
pattern is rather like that of minor moraines of 
the southern counties. Such areas of definite 
pattern merge into others which have a faint 
grain of the same trend wherein the alignment 
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relief of approximately 30 feet (Fig. 8), anj 
trending west-northwestward. 


On the photographs, the pattern is definite) 








an area of 100 square miles of uncleared lay | 


lacking roads and fields. West of this in mop 
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Ficure 7. East-West Proritz Across Minor-MoraInE AREA, WATONWAN County, MINNESOTA 


Between SE corner sec. 19 and SE corner sec. 22, T. 107 N., R. 33W. Moraines trend S. 45° W. Elev. 
tions 33 feet south of center-line, State Route 47, survey of Minnesota State Highway Department. 


is partly the result of the alignment of fields and 
drainageways. 

The relief is estimated to be approximately 
20 feet in a square mile, appreciably greater 
than in other areas of minor moraines. The 
individual moraines are also wider. A small part 
of this area is on a narrow belt of the Altamont 
and Gary moraines of Leverett (1932, Pl. 2), and 
the trend of the pattern features is in part across 
and in part parallel to that of the moraines. 
The topography of these moraines is generally 
indistinguishable from that of surrounding areas 
mapped as ground moraine. 

Morrison County——The pattern of eastern 
Morrison County and of a strip a few miles 
wide in Mille Lacs County to the east is quite 
different from any noted elsewhere in the three 
states (Pl. 3, fig. 1). It is made of subparallel, 
generally linear depressions and elevations, ir- 
regular and coaslescing in outline, estimated to 
average three-eights of a mile wide, having a 


settled country a vague pattern related to the 
shape and alignment of fields and drainage lines 
is continuous in trend, and is believed to result 
from the same kind of topography. This extends 
10 miles to the Skunk River and includes an 
additional 100 square miles. 

Inspection of this area proves the lighter 
patches of the maps to be gently rounded 
elevations, and the intervening darker areas to 
be poorly drained swales, generally gras 
covered. The till of the moraines is mor 
bouldery than in other minor-moraines areas. 

The area is entirely within that of the young 
red drift (Leverett, 1932) and is crossed bya 
narrow north-northwestwardly-trending end- 
moraine, about a mile wide. The pattern thus 
trends at approximately right angles to this end 
moraine as mapped by Leverett. 

Hubbard County.—Hubbard County also has 
an area of minor moraines (PI. 3, fig. 2), entirely 
different in character from any thus far cot 
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Photos by PMA—USDA 


FicureE 1. PATTERN OF EASTERN MorRISON COUNTY 
Area is 3 miles south of village of Hillman. 


FicurE 2. MINOR-MORAINES, HUBBARD COUNTY 
Approximately 4 miles northwest of Akeley. 
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sidered and one wherein the moraines are easily 
discernible in the field. It includes approxi- 
mately 50 square miles in the Paul Bunyan 
State Forest in the eastern part of the county 
and extends eastward into a few square miles of 
Cass County. The individual moraines are 
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ness, but small scattered areas of not more than 
a square mile or two appear to have the parallel 
ridges of minor moraines. 

Pope County.—Pope County has irregularly 
distributed pattern over an estimated 250 
square miles of its total area. The pattern, as it 
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Ficure 8. Nortu-SoutH Prorme Across PATTERN AREA, Morrison County, MINNESOTA 


Between SE corner sec. 8 and SE corner sec 20, T. 39 N., R. 30 W. Relief features trend S. 80° W. 
Elevations 33 feet east of center-line, State Route 218, survey of Minnesota State Highway Depart- 


ment. 


ridges, some of them sharp, up to a mile in 
length and with an estimated relief up to 125 
feet. Major crests average 1000 feet apart. The 
pattern is a crescentic one, concave to the 
north. Some overlapping and coalescing of the 
ridges are present throughout the area, notably 
along the southeast margin. Road-cuts through 
the area are almost entirely till, somewhat 
stonier than in areas of smaller minor moraines. 

The area of pattern is about 3 miles wide 
and is in the southern part of a 40-mile-wide 
belt of Altamont-Gary moraine (Leverett, 1932, 
Pl. 1). An extensive area of outwash lies to the 
south, according to Leverett. The trend of the 
minor-moraine pattern is the same as that of 
the moraine. 


Small Minor-Moraine Areas 


Introduction —The pattern of other counties 
of Minnesota varies from that of small areas, 
some of which rather resemble moraines of the 
southern counties, to that of large areas which 
have only a vague alignment of features suffi- 
cient to give to the photographs a streaked or 
smeared appearance. In the latter there are 
smaller areas of more definite pattern. 

Aitken, Kanabec, and Mille Lacs counties.— 
Vague discontinuous pattern is present over 
hundreds of square miles of Aitken, Kanabec 
and Mille Lacs counties. On the photo-indexes 
for most of the area it shows as a vague streaki- 





appears on the photo-index, varies in distinct- 
ness and only an estimated 50 square miles 
resembles the minor-moraine pattern of the 
southern counties. The remainder is a more 
obscure or a finer pattern in smaller patches, or 
only a faint streakiness. 

Douglas County.—Small isolated areas of pat- 
tern totaling no more than approximately 40 
square miles extend over the central and north- 
ern parts of Douglas County. On the photo- 
index, these are not typically minor-moraine in 
character but range from a close similarity to it 
to a vague streakiness. 

Wright County—An area of several square 
miles of fairly distinct .pattern formed prin- 
cipally through the alignment of fields shows 
on the photo-index in the north-central part of 
Wright County. The pattern is concave to the 
south. In scattered patches within it, the pattern 
resembles that of the minor moraine. 


Discussion 
Origin of the Moraines 


That the moraines of low relief are deposits 
formed by lodgement at or close to the margin 
of the ice in the course of glacial shrinkage is 
believed reasonably assured. There is gradation 
in the relief of the moraines of the pattern areas, 
from those of trifling amount in the James River 
valley and southern Minnesota to others where 
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the relief is easily apparent from the ground, 
and where the moraines are within and aligned 
parallel to the trend of a prominent belt of 
morainic hills, as in Spink County, South 
Dakota. Much of the material of such belts has 
all the characteristics of ice-contact sediments 
(Flint, 1947, p. 143-144), and the belts are 
generally recognized as marginal deposits 
formed where the ice front stood for a con- 
siderable time. They are thus end moraines 
(Flint, p. 127-130) of large size and have been 
so considered by glacial geologists. It is believed 
that the minor moraines of lesser relief outside 
of these morainic beits are of the same general 
origin as those within the belts, although a 
pushing process rather than lodgement may 
have played more of a part in the formation of 
the latter. Resemblance of the photo-index 
patterns of the minor-moraine areas of low 
relief and the area of greater relief in the 
morainic belts bears out this belief. 

In at least one locality, Spink County, South 
Dakota, an area of minor moraines of low relief 
lies inboard of a belt of morainic hills having 
minor moraines of greater relief paralleling the 
others in trend. The minor moraines of small 
relief are in themselves end moraines, although 
in areas generally considered ground moraine. 
End moraines may be small and discontinuous, 
or may not even form everywhere along an ice 
front (Flint, 1947, p. 127). 

The pattern of minor moraines is scalloped 
like the front of an ice sheet. The fact that the 
trend varies rather sharply in places in the larger 
areas of pattern, as in Brown County, Min- 
nesota, can be accounted for by the presence of 
re-entrants on the ice front, or by the irregular 
re-advance of the ice. 

It is believed most likely that the rhythmic 
movement was seasonal, as has been claimed 
for the larger minor moraines of Canada, Fin- 
land, and Sweden. The contrast between sum- 
mer and winter climate in these latitudes would 
have been much greater than the contrast 
between the highs and lows of minor rhythmic 
climatic fluctuations, coming at intervals of 
years. 


Low Relief in Areas of Minor Moraines 


The slight relief of most of the minor-moraine 
areas of these two states is notable, as in the 
Mankato drift plain in Iowa. The existence of 
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the pattern only becomes known through th 
aerial photographs, and there through ¢ly 
differences of soil or of vegetation. The patten 
would not be apparent on a topographic may 
unless a contour interval of 5 feet or less wep 
employed. However, surveys made by sty 
highway departments establish the order g 
relief through areas where the low moraines a 
present (Fig. 3). The deposition associated wit & 
seasonal advance and recession must have ba i - 
small in order to have brought these bon 
moraines into existence, or else because of th 
fine nature of the bulk of the material it wa 
more easily spread out, either in the course ¢ )™ 
deposition or a little later, through solifluction | 
Some may have been made largely by the pus 7 
process (Flint, 1947, p. 107). Post-glacial deg. 
radation may also have been effective. 








Direction of Glacial Recession 


The pattern formed by these minor moraines 7% 
outlines the receding front of the last ice sheet & 
to occupy the respective territories. This is in * 
country of slight relief, as well as, in some areas i 
in belts of morainal hills. In the southern Jams § if 
River valley, the ice is thus shown to have had, © 
a generally northwestward direction of reces : 
sion, most of the moraines trending northeast. a 
ward. In places in the James River valley, asin) 
southwestern Hanson County, the last retreat i 
must have been northeastward. Either the front 
of the ice was not a smooth lobe in outline i 
partial re-advance and later general recession it 3 
a direction different from earlier recession must 4 
have taken place, to have given this variation) ™ 
in trend of the pattern. 4 

The trend of the pattern in the scattered We Bi 
areas of the upper James River valley as} 7 
outlines the front of the receding ice. The areas) 
are widely separated but numerous enough aml” . 
variable enough in trend to show that eithe | 
the ice did not havea smoothly lobate form sim: = 
lar to the Mankato lobe in Iowa, or there wa) 
some irregular advance in the course of genert f 
recession. S 

These statements apply equally to the ares) 
of minor moraines of southern Minnesota. 
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Minor-Moraine Areas in Morainal Belt 
Todd and Leverett 
In both the James River valley and southen> 
Minnesota, the lack of agreement between th 
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DISCUSSION 


direction and manner of retreat shown by the 
minor moraines and by some of the prominent 
morainic belts mapped by Todd and Leverett 
requires explanation. These authors did not 
have the advantages of convenient travel and 
the use of aerial photographs. In South Dakota 
the minor moraines trend for the most part 
across the morainic areas of Todd (Fig. 1). In 
southern Minnesota they trend across the Fair- 
mont, St. James, and Marshall moraines of 
Leverett (Fig. 5). In the latter case, they show 
the same general direction of retreat of the ice 
front as is suggested by the morainal belts of 
Leverett, approximately northwest along the 
Minnesota River valley, but for the particular 
areas are not in agreement as to the direction 
of shrinkage. The Fairmont, St. James, and 
Marshall are shown as successively younger 
belts which in the areas of minor-moraine 
pattern extend northwest, whereas the smaller 
moraines trend northeast across them. Further- 
more, in the areas of pattern, Leverett’s 
moraines are generally areas of low relief, lack- 
ing in morainic hills. This is generally true also 
of Todd’s moraines in South Dakota. In country 
of pattern and thus of low relief, there is nothing 
to suggest the presence of the moraines mapped 
by earlier writers. 


Explanation of Re-entrants 


The re-entrants in the pattern along valleys, 
as in southeastern Faribault County, and the 
curving pattern about isolated areas of morainic 
hills as in southern South Dakota is believed to 
show the influence of topography upon the 
motion of the ice. As on the Mankato lobe in 
Towa, the ice in some areas crowded forward on 
the broad uplands between streams. In southern 
South Dakota, morainic hills in some areas 
were overridden; in others they formed barriers 
about which the ice deployed. Both phenomena 
Suggest ice which ranged in thickness but was 
relatively thin. 


Only Partial Coverage of Drift Plain by Areas 
of Pattern 


Most of the area of the drift plain in the two 
States as it appears in the photographs lacks 
minor-moraine pattern. This is also true on the 
Mankato lobe in Iowa, although there the 
Pattern outlines almost completely the shape of 
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the lobe and in many places is generally con- 
tinuous back from the margin for a score or more 
of miles. How then, may the limited, scattered, 
and unequal distribution of pattern be ac- 
counted for? 

1. All areas of minor moraines may not show 
on aerial photographs. Color contrasts 
between moraines and swales may be alto- 
gether lacking, or present only under 
certain conditions of soil-moisture content. 
If the contrasts do exist, photography may 
have failed to bring them out. Careful 
topographic mapping in chosen areas, 
using a small contour interval, might or 
might not bear this out. 

2. Thinning ice may have stagnated over 
extensive areas, so that no strictly mar- 
ginal deposit resulted. 

3. Distribution of drift in the thinning ice 
may have been such as to preclude the 
possibility of moraine-like deposits form- 
ing, or the moraine-like deposits may have 
been so slight as to result in no distinguish- 
able color differences and in relief even 
less significant than in areas where the 
minor moraines are known. 

4. Moraines may have been modified or 
destroyed by runoff of glacial meltwater. 

One explanation may apply in one case, and 

a different one in another. The first explanation 
is not thought to apply to any appreciable 
degree. If it did, there would be many more 
small areas of moraines showing up in the 
photographs. Neither is the fourth explanation 
very acceptable, since there is no evidence of 
erosion of the till or of deposition by glacial 
meltwater. 


Drift of the Minor Moraines 


The material of the shallow roadside ex- 
posures through the minor-moraine areas is 
almost entirely till. If it had originally been 
stratified, as would be the case if it were formed 
from meltwater, the stratification has since been 
lost or obscured. However, end moraines are 
commonly of till (Flint, 1947, p. 128), and it is 
believed that these minor moraines formed as 
till. With the melting and thinning of the 
marginal glacial ice during the late summer to 
a thickness where movement ceased, thicker up- 
glacial ice would continue to advance with over- 
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riding or shearing during the next winter. It 
would also continue to advance during the later 
period of wastage, up to the time when surface 
melting with reduction in thickness again re- 
sulted in grounding. The boundary of the 
grounded area during the rest of the season of 
wastage would move up-glacier, slowly at first 
and then more rapidly. This detail of regime 
should result in a local accumulation of lodged 
debris within or beneath the grounded ice of the 
terminal zone, in the form of till. Meltwater 
runoff from areas of minor moraines of slight 
relief would produce but little stratified drift 
except in the larger water courses. 


Large Minor Moraines 


The larger minor moraines of McLeod, Mor- 
rison, and Hubbard counties, Minnesota, are 
believed to have formed in much the same 
manner as that described for the minor moraines 
of only slight relief. Thinner marginal ice, 
greater annual (or inter-morainal) retreat of the 
position of grounding, and greater load might 
have contributed to the differences. The more 
widely spaced moraines of Morrison and Hub- 
bard Counties may be other than annual. The 
appearance in plan of the massive minor mo- 
raines of Hubbard County suggests ice-thrust 
of deposited debris as a factor in their 
formation. 


Development of Post-Glacial Stream Patterns in 
Areas of Minor-Moraine Pattern 


The larger streams in the areas of minor 
moraines cross them at angles to the trend of 
the moraines. Consequent tributary drainage 
should seemingly develop along the swales 
between the moraines and is so developing in 
some areas where the swales and moraines are 
sufficiently continuous (Pl. 1, fig. 1). Post- 
glacial erosion has not gone far enough to show 
whether the final pattern will reflect that of the 
minor moraines. It is considered doubtful for 
most areas, where the relief is slight and there 
are breaks in the continuity of the moraines. 


CONCLUSIONS 


The swells of considerable areas of South 
Dakota and Minnesota previously assumed to 
lack arrangement, have a definite linear ar- 
rangement. The pattern formed by them out- 
lines the retreating front of the last ice sheet 
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and the swells become in a sense end moraines 


of low relief. The front of the retreating ice x a 
defined by the pattern of minor moraines does Tod 3 
not coincide with that defined by many of th B 
major recessional end moraines as mapped by omnes 
Todd and Leverett. Some of the latter are not 2 


areas of morainic hills and there is thought to 
be no good reason why they should be considered 
end moraine. Other areas of morainic hills ar 
crossed by minor moraines; these must represent 
either a buried topography, even one formed | 
only a short time previously, or areas wherein © 
the last ice sheet had an excessive amount of 
debris. 

Other areas of Minnesota have larger minor 
moraines which also are believed to outline the 
front of the last glacial ice to occupy the ter- 
ritory. Some of these are in areas of ground 
moraine of Leverett and others in areas of end 
moraine. Where in areas of end moraine, they 7 
trend generally parallel to such moraines. These 
minor moraines, though of considerable sizes 
have not previously been recognized. 
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IRON FORMATION AND ASSOCIATED ROCKS IN THE 
iRON RIVER DISTRICT, MICHIGAN 


By Harorp L. James 


ABSTRACT 


The iron formation of the Iron River district is part of a Precambrian sequence of strata characterized 
by a high iron content and varied mineralogy. The iron formation, where unoxidized, consists largely of 
interlaminated chert and siderite. It is underlain by a graphitic slate containing about 20 per cent iron in 
the form of very finely disseminated pyrite. Graywacke overlies the iron formation with at least local dis- 
conformity; this rock consists of clastic grains in a matrix of siderite or iron-rich chlorite. Above the gray- 
"> wacke is a magnetic ironstone, a laminated rock that now consists of iron-rich chlorite, magnetite, chert, 
-~ and siderite, each layer being an intermixture of two or more of these constituents. The average iron con- 
§ tent of the entire sequence, including the iron formation, is approximately 20 per cent. The rocks are only 
' slightly metamorphosed, although the area is one of intense structural deformation. 
sat The origin of the rocks is discussed, and it is concluded that the high iron content is primary. The rocks 
| are believed to be the nroducts of an era of iron-rich sedimentation in which the specific iron mineral formed 
—sulfide, carbonate, : silicate—depended upon the immediate depositional environment. Inasmuch as the 
formation of iron-rich minerals continued despite extensive changes in both the basin of deposition and the 
adjacent land areas, the ultimate cause for such an epoch is one that transcended such factors. Evidence is 
presented to show that the climate of the era, when linked with certain other factors, is entirely adequate to 
explain the formation of these iron-rich rocks. 
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INTRODUCTION 
Iron-rich sedimentary strata are found in the 
stratigraphic record of geologic eras from Pre- 
cambrian to Cenozoic, but, in general, they 





H. L. JAMES—IRON FORMATION, IRON RIVER DISTRICT, MICHIGAN 


have been presented in a number of preliminary 
reports (Dutton, Park, and Balsley, 1945. 
James, Smith, and Clark, 1947; James anj 
Wier, 1948; Balsley, James, and Wier, 1949, 
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Ficure 1. InpEx Map SHow1nc LocaTIon OF IRON River District IN RELATION TO OTHER LAKE SUPERIOR 
DistRICcTs 


must be classed as scarce rocks. Aside from their 
economic importance, the iron-rich rocks are of 
considerable interest because they represent an 
extreme—a sort of end-member—in the sedi- 
mentary suite. As far as has been determined, 
such sediments are not being formed in any 
modern environment, so most conclusions re- 
garding their origin must be drawn from the 
nature of the rocks themselves. Furthermore, 
iron-rich strata with interbedded chert appear 
to be essentially limited to the Precambrian, and 
it is possible that some deviation or modification 
of the doctrine of uniformitarianism is required 
to explain their formation. 

The rocks described are found in the Iron 
River district, in the northern peninsula of 
Michigan (Fig. 1). This district and adjacent 
areas of Michigan have been studied by the 
U. S. Geological Survey, in cooperation with the 
Geological Survey Division of the Michigan 
Department of Conservation, for the past 
several years. Some of the results of this work 


Dutton, 1949). Until the compilation of a geo- 
logic map of Iron County by the Michigan 
Survey in 1929 (Barrett, Pardee, and Osgood), 
published work in the area was essentially lim- 
ited to that of Allen (1909, and in Van Hise and 
Leith, 1911). The adjacent and geologically con- 
tinuous Crystal Falls district also has been 
studied as part of the present co-operative 
program (Pettijohn, 1947; Good and Pettijoha, ~ 
1949). 


CORE SL ML i te aE 8 YE tat ae 


Bi aR is BRP oo 8 


The Iron River district forms one end of 4 : 
triangular-shaped basin which has apices ‘7 : 


Iron River, Michigan, Crystal Falls, Michigan, @ 
and Florence, Wisconsin. This basin is a syt a 
clinorium of tightly folded strata of Huroniat)® 


(lower Proterozoic) age, which is bounded 


greenstones of uncertain age. The strata com 
prise, for the most part, iron formation, gray 
wacke, and slate. Except for rare diabase dikes 
igneous rocks are unknown in the area. Th 
rocks are intensely deformed, so much so th# 
definition of a stratigraphic sequence has bety 
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a most difficult task, particularly since outcrops 
are very scarce. However, the lack of outcrops 
is to some extent offset by the abundance of 


stone. Oxidation of the iron formation and 
origin of the iron-ore bodies are not con- 
sidered. 


TABLE 1. STRATIGRAPHIC SUCCESSION IN THE IRON RIVER DISTRICT 























Age Unit | Thickness (ft.) Characteristics 
Pleistocene Glacial deposits | 0-400 Drumiins, till sheets, outwash plains, etc. 
—_ eee ee Or UNCONFORMITY— — — — — — — -— -— -— - — 
Magnetic ironstone 100+ Gray to purple, hard tough daminated 
rock. Strongly magnetic. 
| Graywacke 100-400 Massive, medium-grained; locally felds- 
E #, pathic. Some interbedded argillite. 
ws 
&s 
ra ™ | Breccia 0-200 Chert fragments in argillaceous or sandy 
z matrix. 
——s— ee er ee DISTURBANCE— — — — — —- — -— -— -— --- 
Upper (?) Iron-formation 150-300 Mostly interlayered chert and siderite. 


Huronian 


Upper part typically contains slate 
layers; locally may be a breccia. 





Graphitic slate 





20-50 Upper part laminated, lower part mas- 


sive breccia. Highly pyritic throughout. 








slate sequence 








Siltstone-sericitic 500-+(?) Mostly well-sorted massive siltstone. 


Slate more abundant in upper part. 





—— eee UNCONFORMITY(?)— — — — — — — —— —-— 
Greenstone Several Chloritized basaltic flows, tuffs, and ag- 
thousand glomerates. 





* The terms “hanging wall” and “footwall” are widely used in the region and the usage is continued 
in this paper, although obvious criticism can be made because of the accepted structural meanings of the 
terms. More appropriate stratigraphic names will be applied to the strata in a future report on the area by 


the U. S. Geological Survey. 


_ drill holes and the extensive underground work- 


ings from which excellent study material can 
be obtained. 

The sedimentary rocks have been assigned to 
the Upper Huronian (Leith, Lund, and Leith, 
1935). Pettijohn (1947), however, has sug- 
gested that the iron-formation may be correla- 
tive with the Middle Huronian iron formation 
of other Lake Superior districts. Although the 
rocks are intensely deformed, the metamorphic 
grade is low; in fact, much of the rock has under- 
gone only slight mineralogic change since 
lithification. 

Attention is here focused on the suite of iron 
rich strata which comprise (Table 1) graphitic 
Slate, the iron formation, the hanging-wall 
Strata (mostly graywacke), and magnetic iron- 
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GENERAL STRATIGRAPHY 


Detailed study in all parts of the district has 
demonstrated that the stratigraphic succession 
is reasonably uniform. The almost bewildering 
repetition of rock types encountered in most 
places because of complex folding and faulting 
led earlier workers to the concept of deltaic con- 
ditions of sedimentation with lenticular beds. 
Thus Allen (1909, p. 46) wrote: 


“Rocks of identical character are repeated at 
different stratigraphic horizons, and the same strati- 
graphic horizon may exhibit, even in a small area, 
acies which are of a very different composition 
and texture.” 


In general, this concept has prevailed until 
recently. 

In no part of the area can an entirely normal 
stratigraphic succession be examined. In all 
places, overturned folds and cross-folds (locally 
overturned), coupled with faulting and changes 
in thickness as a result of faulting, shearing, or 
squeezing, make determination of the succes- 
sion extremely difficult. Determination of tops 
of beds is always a problem; no fossils, of course, 
are available; cross-bedding and gradational 
bedding are exceedingly rare; ripple marks are 
absent. Drag folding is the most useful criterion 
for the spot determination of tops, but it must 
be used with caution. Use of inadequately ex- 
posed drag folds may yield apparently anoma- 
lous results, and in some places the axes of the 
folds are overturned on cross folds so that an 
anticline may have the structural form of a 
steeply plunging syncline. Determination of the 
stratigraphic succession has thus required much 
detailed mapping and continual re-examination 
of concepts. 

The oldest rocks in the area are greenstones, 
but the stratigraphic relations of this series of 
rocks to the sedimentary series are not known. 
The oldest sedimentary rocks comprise silt- 
stone, sericitic slate, and black graphitic slate, 
collectively termed the “footwall strata.”” The 
iron formation overlies the footwall strata with 
a sharp but conformable contact. The rocks 
stratigraphically above the iron formation are 


H. L. JAMES—IRON FORMATION, IRON RIVER DISTRICT, MICHIGAN 


termed the “hanging-wall strata” and consist 
chiefly of graywacke, with some argillite, The 
hanging-wall graywacke is in turn overlain by 
a dark, magnetic ironstone which is generally 
referred to as the “magnetic slate.” 


The total stratigraphic thickness of the beds § 


now known in the district is not great—perhaps 


1,000 feet of strata have been explored suff. 7 
ciently to establish stratigraphic position, @ 


Though the strata are everywhere steeply in. 
clined, the total area underlain by this sequence 
is great because of the complex folding. 


DESCRIPTIONS OF THE [RON-RicH Rocks 


Black Graphitic Slate 


Description.—The basal member of the iron- 
rich suite is a graphitic, highly pyritic slate, 
which underlies the iron formation throughout 
the Iron River-Crystal Falls district. It overlies 
a thick series of siltstone and sericitic slate. The 
graphitic slate is probably between 20 and 50 | 
feet thick, although it may appear to be much 
thicker or thinner because of folding or squeez- 
ing. Pyrite forms 30 to 45 per cent of the rock, 
but is only rarely visible; for the most part itis | 
indistinguishable from the other fine-grained 
constituents. Where unsheared, the rock is dark 
gray; where sheared, it is glossy black and parts 
on innumerable, slickensided, graphite-coated 
planes. 


In most of the area, the upper part of the . 


black slate is a thin-bedded to laminated, dark- 
gray to black rock with a grapiiitic streak (Pl.1, 
fig. 1). The lower part of the graphitic slate is a 
characteristic breccia (the “speckled gray” of ' 
field terminology), which is a marker unit ¥ 
throughout the Iron River district. The breccia 
is rather massive, in contrast to the laminated 
character of the overlying slate, and contains 
numerous small, angular fragments of slate ina 
dense, graphitic, pyritic matrix. The fragments 
rarely exceed half an inch in diameter and art 
most commonly of graphitic slate; many show 
partial or complete replacement by coars 
pyrite. 5 
In the northern part of the Iron Rive} 
district, the graphitic slate is separated from tht 
iron-formation by a massive breccia, about wh 
feet thick, which consists of pyrite-rimmey 
chert fragments in a dark, somewhat graphitt 
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Iron River DIstTRICT 





| REL 2 Poe iP ere eee 36.67 
MM cia. Aten adsense wakancles 6.90 
ee ee eee — 
BN kao tadcenas aneneesed 2.35 
Str 38.70 
NE snk pnd atebasiotm eae ee 0.002 
eee 0.13 
i ckcaneot eh eesinennens 0.65 
NS, Reece sai gerainnds tcaipa cea 0.26 
SEN caaive. Sante tsinekdowen S66 1.81 
Aenea eee 0.39 
| SRT, eee eee eee err 0.15 
EE emp ry rere rarer oer 0.20 
RE ee ee eee eee 0.55 
ee eee ere ee 1.23 
SRE ee eee ee eee 2.60 
Organic matter + C4........... 7.60 
tos rentunecemeaeaes 7.28 
I see anes aa smeiiaw ad 100.21 





Locality: 10th level, Buck mine, Iron River 
district, Michigan. 

Analyst: Charlotte M. Warshaw, U. S. Geo- 
logical Survey. 

* Direct determination of FeO was not possible 
because of the presence of organic matter. Iron in 
excess of the amount in pyrite is reported as FeO. 

> Pyrite was determined by first separating it 
with a dilute HCI-HF treatment, oxidizing the 
residue with aqua regia plus bromine, and analyzing 
the resulting solution for iron and sulfur. 

° The sulfur not present as pyrite is reported as 
SOs. Most of it is soluble sulfate. 

¢Total carbon determined by combustion. Or- 
ganic matter was determined roughly by weighing 
the residue obtained by the HCI-HF treatment and 
subtracting the weight of the pyrite determined. 
The percentages of total carbon are not as high as 
the values obtained by the method above, which 
shows that there is a fair amount of organic matter 
in addition to graphite, as was suspected when the 
FeO determinations were attempted. 


matrix. Chemical analyses show that this 
breccia contains much less pyrite than the 
underlying graphitic slate; the iron is chiefly in 
the form of carbonate. 

Microscopic and chemical features —The black 
slate is an unusual rock, in both mineralogy and 
chemical composition. An analysis of the lami- 
nated facies is given in Table 2. 

The high content of FeS: is striking, especially 
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TABLE 2. CHEMICAL ANALYSIS OF GRAPHITIC SLATE, 
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since pyrite is only rarely visible to the unaided 
eye. In thin section under the microscope, the 
rock is almost completely opaque except for a 
few flecks of sericite. Polished sections reveal 
the pyrite as abundant, very small grains, most 
of which show partial development of cubic or 
pyritohedral outlines (Pl. 3, fig. 1). 

The C is present partly as graphite and partly 
as organic matter. The existence of organic 
material, as objectively reported by the ana- 
lytical chemist, is of real interest, both in 
relation to the origin of the rock and for its 
paleontological significance. It appears to con- 
firm the inferences made by many as to the 
existence of life in the Lower Proterozoic. Much 
of the SiOz must be present as very finely 
divided quartz or as disseminated chert, but 
none is visible in thin section. The SO; is doubt- 
less present as soluble sulfate due to slight 
deterioration of the specimen after it was ex- 
posed to the air. 

The graphitic slate, because of its high pyrite 
content, has been responsible for the numerous 
mine fires in the district. In specimens and drill 
core, this “burning” of the pyrite causes an 
efflorescence of white sulfate or a complete 
breakdown to whitish powder within a few 
years. 


Iron Formation 


Description—The iron formation forms a 
stratigraphic unit that maintains its identity 
throughout the Iron River-Crystal Falls 
district. This unit is exposed at bedrock surface 
around the margin of a tightly folded synclinal 
basin approximately 250 square miles in extent, 
and can reasonably be postulated to have origi- 
nally covered an area many times as large. In 
the Iron River area, the iron formation is 150—- 
300 feet thick, but in many places the formation 
appears much thicker because of complex 
internal folding. 

The rock consists chiefly of interbedded layers 
of gray siderite and dark gray chert! where un- 
oxidized (Pl. 1, fig. 2), and all combinations of 
chert, hematite, and “limonite” where oxidized. 
The layers of siderite and chert are most com- 


1 The term “chert,” as used throughout the Lake 
Superior region, is applied to the fine-grained, non- 
clastic quartz that typically forms layers in the 
iron-formation. All of it is crystalline. 
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monly an eighth of an inch to 2 inches thick, 
though locally either may be greater or less. The 
thickest layers noted are about 12 inche:. Thin 
partings of sideritic or graphitic slate are 
common. 

The upper part of the iron formation 
typically contains a greater number of layers 
and partings of slate than the lower part, and 
the rock is generally referred to as “slaty iron 
formation.” This rock ordinarily constitutes the 
upper third or less of the formation, but in the 
northern part of the district the upper two- 
thirds of the formation contains abundant 
layers of pyritic or sideritic slate and locally the 
slate is the dominant constituent. In the “slaty 
iron formation,” the chert commonly occurs as 
nodules or lenses, rather than as layers of uni- 
form thickness, and is less abundant than in the 
lower part of the unit (Pl. 1, fig. 3). In some 
places the “slaty iron formation” consists 
almost entirely of impure carbonate or of 
pyritic slate with thin layers of carbonate. 

In outcrops, the iron formation is somewhat 
fissile, owing to surface oxidation along some 
layers, but in drill-core and underground ex- 
posures it is hard and massive. The rock parts 
along the argillaceous layers, and the contacts 
between the siderite and chert are normally 
tight, so that in underground exposures the 
rock may appear to be thick-bedded. Closer 
examination, however, will reveal that the 
individual “beds” between argillaceous part- 
ings are composite, being made up of many 
alternating layers of chert and siderite. 

Polished surfaces, such as that shown in 
figure 2 of Plate 1, commonly reveal slump 
structures (“‘slip bedding’’) of contemporaneous 
origin and veinlets of chert and siderite. Some 
of the veinlets change composition as they pass 
through the layered rock—that is, a veinlet 
that is composed largely of chert where cutting 
a chert layer commonly will contain more 
siderite where it cuts a siderite layer. 

Stylolite seams are numerous. All those ob- 
served are either parallel to bedding or at a 
small angle to it. The amplitude of the stylolites 
is small—typically about a quarter of an inch. 
The seams occur either entirely within the 
carbonate layers or between carbonate and 
chert layers (Pl. 1, fig. 4). The surface of the 
stylolite planes, when the rock is broken open, 


is seen to be coated with a thin layer of graphitic 
material. 

Locally, much of the upper part of the iron 
formation is a breccia that consists of angular 
fragments of chert and rounded, ill-defined 
fragments of siderite in a sideritic matrix (PI, 
2, fig. 1). The fragments vary in size but are 
rarely more than 6 inches long and 1-2 inches 
thick. Most of them are much smaller. In some 
of the breccia, the fragments obviously are 
merely segmented layers, but more commonly 
the larger chert fragments are only rudely 
parallel to the bedding, and the smaller frag. 
ments are oriented at random. In a few places, 
breccia is interlayered with banded iron forma- 
tion. The breccia is a tight, dense rock, and 
ordinarily gives no evidence of having been 
sheared or broken. Stylolites are not as common 
as in the banded facies, but locally they are 
present. The seams are generally somewhat 
irregular, lying at various angles to one another, 
but they do not show distortion. 

Mineralogically the bulk of the iron formation 
consists of nearly equal parts by volume of 
chert and impure siderite. The chert layers are 
composed of very fine-grained, clear quartz 
with random orientation (Pl. 3, fig. 2). Individ- 
ual grains are approximately 0.01 mm in 
diameter, and are irregular in shape, interlock- 
ing with neighboring grains in an intricate 
fashion. Narrow veinlets and patches of slightly 
coarser grain are common. Many chert layers 
show intermixture with small amounts of 
siderite. 

The siderite is gray or brownish-gray and 
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equally as fine-grained as the chert (PI. 3, fig. , 


3). No preferred orientation of grains is evident. 
Most siderite layers contain some interstitial 
chert, and some contain a minor amount of 
iron-rich chlorite (aphrosiderite). Siderite, like 
the chert, also occurs as cross-cutting veinlets 
and patches of somewhat coarser grain than 
that of the groundmass. Figure 4 of Plate 3 
shows the nature of some of these veinlets and 
also shows transection of veinlets by a stylolite | 
seam. i 
Pyrite is a rather common mineral in the} 
unoxidized iron formation. It is found as nat-§ 
row, cross-cutting veinlets or as disseminated | 
grains in the banded chert-carbonate rock, and 


in the upper part of the iron formation it is4 =. 
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major constituent of the interlayered black 
slate. Graphite is present as a very finely 
disseminated minor constituent in the banded 
chert-carbonate, and, like the pyrite, is abun- 
dant in the upper slaty part of the iron forma- 
tion. 

Where the upper part of the iron formation 
contains interbedded slate, the chert and sider- 
ite layers are less pure. Widely scattered, small 
clastic grains of quartz are found in the siderite 
layers and, in such rock, the siderite locally 
shows granular structure under the microscope 
(Pl. 3, fig. 5). Most of the granules are about 
0.025 mm in diameter. Some have a core or 
ring of opaque material. In some of the cores, 
this opaque material appears to be hematite; 
in others, it appears to be an altered greenish 
material. Siderite spherules that show the uni- 
axial cross under crossed nicols, indicating a 
radial arrangement of grains, are locally present 
in the upper part of the iron formation. Figure 
6 of Plate 3 illustrates these structures. 

Chemical composition—Thousands of partial 
analyses of the iron formation are available 
from drill records of the mining companies. The 
analyses show the average iron content of 
unoxidized iron formation to be about 25 per 
cent. The specimen for which analysis is given 
(Table 3, A) was split from three feet of drill 
core that seemed typical of a drilled 310-foot 
section of iron formation. However, the total 
Fe of the sample is about 28 per cent, whereas 
the average Fe content of the 310 feet, as in- 
dicated by analyses made by the mining com- 
pany of sludge at 5-foot intervals, is 24.7 per 
cent. This indicates that the selected material 
contained too much carbonate and too little 
chert to be representative. The analysis has 
been recalculated (Table 3, B) to give an iron 
content of 25 per cent, each value, except that 
for SiO, being reduced proportionately. SiO. 
is added to bring the total to 100 per cent. Be- 
cause the chert in the iron formation contains 
small amounts of carbonate and graphite, the 
results obtained by this procedure are not 
entirely valid, but the amount of error is 
believed small. 

Computation of the mineral composition from 
the analysis is hampered by the fact that the 
mineralogical form in which the phosphate 
occurs is not known. However, the major 
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TABLE 3. CHEMICAL COMPOSITION OF IRON-For- 
MATION Rocks, IRoN RIVER District 




















A B Cc D 

a 24.25| 32.2} 18.11] 22.97 
a 1.71] 1.5] 0.18] 1.08 
a 0.71] 0.6} 0.34] 3.59 
CS 35.22] 31.6] 40.68] 33.17 
| SRE ee 3.16} 2.8] 3.59] 2.02 
RRR 1.78} 1.6] 4.31] 1.48 
REE, co sicncacxinahltt 0.041 — | 0.06 0.06 
SS ae 0.20} 0.2! 0.04] 0.10 
ia aaral 0.21) 0.2} 0.09] 0.17 
| SS: 0.00} 0.0} 0.05] 0.00 
RES 0.00} 0.0] tr. | 0.10 
aes 0.91] 0.8} 0.47] 0.62 
ici dynos 27.60] 24.8) 30.52] 26.50 
PR iiicisth coca si 2.11] 1.9] 2.56] 6.77 
C (graphite)........ 1.96 1.8] 1.41] 2.02 

PRM Eick ccuned N.D.| — | 0.06] N.D. 

, Or: 99.86] 100.0] 99.47/100.65 














A. Banded chert-carbonate iron formation. Beta 
drill hole 2, in SW} sec. 26, T. 43 N, R. 35 W. 
Analyst: Leonard Shapiro, U. S. Geological 
Survey. 

B. Analysis “A” recalculated to 25 per cent total 
iron. Each value, except that of silica, re- 
duced proportionately. SiO, added to bring 
total to 100 per cent. 

C. Carbonate-rich layer from banded iron forma- 
tion. Beta drill hole 6, sec. 27, T. 43 N., R. 
35 W. Analyst: Charlotte Warshaw, U. S. 
Geological Survey. 

D. Carbonate-rich layer from upper part of iron 
formation. Spies Mine. Analyst: Leonard 
Shapiro, U. S. Geological Survey. 


constituents can be determined approximately 
from the recalculated analysis (Table 3, B). 
In the determination, CO2 was assigned to the 
MnO, MgO, and CaO to satisfy the require- 
ments as carbonates; the remaining CO2 was 
assigned to FeO. The amount of CO» present 
almost exactly fulfills the requirements of the 
four oxides (the excess FeO is only 0.2 per 
cent), so that the error possible in the values 
obtained for the composition of the carbonate 
is small. Microscope study shows that the iron 
formation contains one per cent or less of 
iron-rich chlorite, so 0.2 per cent SiOz is arbi- 
trarily allotted to this mineral. The remaining 
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silica is assumed to be chert. The estimated 
mineralogical composition of the banded iron 
formation is as follows: 


Weight 

Constituent per cent 
81.0% FeCO; 

Carbonate Ma ~e, Pearse acktandio 62.4 
4.6% CaCO; 

MN. cat anes’ conta cbhuneksaeseae dos 32.0 

SEE ARPT Pen creer ee 1.8 

Miscellaneous (phosphate, chlorite, iron 
Pichi Vincde eek cps ehaecasenas 3.8 
100.0 


Since almost all of the FeO, MgO, CaO, and 
MnO content is combined as carbonate, it 
would appear that the P.O; must exist in 
combination with the Al,O3. Possibly variscite 
(AIPO,-2H:,0) is present. 

Two analyses (Table 3, C, D) of carbonate- 
rich layers of iron formation show that the 
“carbonate” contains on the order of 20 per 
cent chert, which occurs as an interstitial 
mineral. The analyses also indicate a consider- 
able variation in the composition of the carbon- 
ate, especially with respect to MnCO3. Calcula- 
tion of the proportions of the four carbonate 
end members, like calculations of the mineral 
content of the banded iron formation, is subject 
to uncertainty because the mineralogical form 
of the phosphate is unknown. However, as- 
suming the MgO, CaO, and MnO to be in the 
form of carbonate, and assigning sufficient FeO 
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to use up the remaining COse, the following 
values are obtained for the composition of the 
carbonate in weight per cent: 


Analysis C Analysis D 
ere 81.8 73.6 
NR i. a5: ard, waka 5.4 16.2 
/ Rey 9.8 6.3 
= RRR erate 3.0 3.9 

100.0 100.0 
FeO (excess)......... 1.4 2.2 


The tabulated composition must be con 
sidered an approximation only, as it is possible 
(if not probable) that some of the CaO is 
combined as phosphate and that some of the 
MgO is combined as silicate. 

Significance of the breccia.—The breccia is a 
typical constituent of the uppermost part of 
the iron formation. In places it grades im- 
perceptibly upward into a rock that contains 
clastic quartz, which in turn, through diminv- 
tion in the amount of siderite and increase of 
clastic quartz grains, grades into a graywacke 
containing a few widely scattered fragments 
and grains of chert. Downward it may grade 
into banded iron formation through a facies in 
which the chert layers are merely segmented 
(Pl. 2, fig. 1). Elsewhere the contact with the 
overlying graywacke is abrupt, although ina 


few places interbedding of graywacke and brec- | 


cia has been observed. 
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Pirate 1. IRON-RICH ROCKS FROM THE IRON RIVER DISTRICT 


Ficure 1. Pyritic Brack SLATE (POLISHED SURFACE) ' 
Pyritic layers appear light-colored because of reflected light; unpolished specimens are dull and nearly 


black. About half natural size. 


FicurE 2. UNOXxIDIZED, BANDED IRON FORMATION j 
Chert, dark gray; siderite, light gray. Etched with HCl. Note that prelithification slump structures m 
layer at upper left do not disturb overlying stylolite seam. Half natural size. 
Ficure 3. SPECIMEN SHOWING CHANNELING OF UPPER SLATY MEMBER OF IRON FORMATION BY GRAYWACKE 
aphitic slate with carbonate characteristic of upper part of iron formation. Note chert 


Interbedding of 


nodules. About half natural size. 


Ficure 4. StyLoxtitE SEAM IN UNOxIDIzED IRON FORMATION 
Chert, white; siderite, light gray. About half natural size. 


Pirate 2. SPECIMENS OF BRECCIA AND MAGNETIC IRONSTONE 


FicureE 1. SPECIMENS ILLUSTRATING TRANSITION FROM BANDED IRON FORMATION TO GRAYWACKE 
d through normal banded iron formation, to iron formation with segmented chert 


The drill hole passe 


layers (A), to iron formation breccia (B), to breccia of chert and siderite fragments in sandy, sideritic mat 
(C), thence to massive graywacke. Two-thirds natural scale. Specimens collected by C. E. Dutton. 
FicurE 2. MAGNETIC IRONSTONE et 
Specimen at left shows thin lamination common to some facies; rock is purplish because of slight oxide 
tion. Drill core shows typical banding and contemporaneous deformation structures. Light layers are 
siderite and chert; dark layers are mixtures of chlorite and magnetite. Two-thirds natural scale. 
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SPECIMENS OF BRECCIA AND MAGNETIC IRONSTONE 
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DESCRIPTIONS OF THE IRON-RICH ROCKS 


shear planes and of through-going planes of 
displacement and the presence of undistorted 
stylolites—as well as the constant stratigraphic 
position, it is clear that the breccia is of sedi- 
mentary or at least contemporaneous origin. 
The breccia records the beginning of a tectonic 
disturbance that was to terminate the epoch 
of chemical sedimentation and usher in an 
epoch of clastic deposition. The general absence 
of material other than that derived from the 
iron formation indicates that at least the early 
stages of the disturbance were largely confined 
to the basin of deposition. The breccias would 
be the normal result of local increases in sub- 
marine slope, with consequent slumping and 
liding of the partly consolidated sediments. 
Comparison with other iron formations.—The 
Precambrian iron formations of the Lake Su- 
perior region and regions in India, Brazil, South 
Africa, Labrador, and elsewhere, have certain 
features in common, especially in that the iron- 
rich layers are characteristically interlayed with 
chert. Yet there are striking differences, even 
within a single formation. For example, the 
Biwabik iron formation of the Mesabi range, as 
described most recently by Gruner (1946), is 
divided into several members in which the 
predominant iron mineral may be a silicate 
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(minnesotaite, greenalite, stilpnomelane), an 
oxide (magnetite, hematite, goethite), or a 
carbonate (siderite). Doubtless, some of these 
variations are due to metamorphism such as 
described by Tyler (1949), but others are 
certainly primary. 

Although much of the discussion of the origin 
of the iron ores of the Lake Superior region 
has hinged on the assumption that a large 
part of the iron formation was originally sider- 
itic or greenalitic, banded chert-siderite, such 
as that of the Iron River district, is not a par- 
ticularly common rock type. It is not present 
in the old Menominee range and is of minor 
importance in the Vermilion and Mesabi ranges. 
In the Gogebic range, much of the siderite is 
present in sideritic slates. It is reported from 
the Cuyuna range (which in some respects is 
more similar to the Iron River district than any 
other of the Lake Superior districts) and is 
locally abundant in the Marquette range. In 
the writer’s opinion, this lack is not entirely 
the result of later modifications (such as oxida- 
tion to hematitic rocks), but is, to a considerable 
measure, a reflection of original differences in 
the iron formations. Probably an appreciable 
part of the chert-hematite rock that makes up 
the bulk of the formation in most of the ranges 





PraTE 3. PHOTOMICROGRAPHS 


FicureE 1. Pyritic BLack SLATE 
Polished section showing pyrite (white). 400. 
Figure 2. CHERT FROM IRON FORMATION 
Crossed nicols, X 120. In ordinary light, chert is entirely clear. 
FicureE 3. SERITE FROM [RON FORMATION 
Ordinary light, X90. 
Ficure 4. Stytorire Seam Cuttinc Cert VEINLETS IN UNoxmpizED IRON FORMATION 
Siderite, dark gray; chert, mottled light gray, contains about 10 per cent siderite. Crossed nicols, X20. 


Ficure 5. 


GRANULAR SIDERITE FROM UPPER Part OF IRON FORMATION 


Some granules cored with dusty hematite or altered silicate. Ordinary light, X155. 
Ficure 6. SPHERULITIC SIDERITE FROM Upper Part oF IRON FORMATION 
Crossed nicols, X 22. 


Prate 4. PHOTOMICROGRAPHS 


_ Ficure 1. Meprom-Grainep GraywACKE SHOWING MARGINAL REPLACEMENT OF Quartz GRAINS BY 
CHLORITE 
Ordinary light, <120. 
Ficure 2. Detar OF MARGINAL REPLACEMENT OF Quartz Grain (CoLortEss) By CHLORITE 
Ordinary light, < 520. 
Ficure 3. Five-Grainep GRaywacKE SHOWING SCATTERED Quartz GRAINS AND SHADOWY CHERT GRAINS 
In Matrix oF CHLORITE 
Ordinary light, X 120. 
Ficure 4. Fivg-Gratnep GRAYWACKE SHOWING EXTENSIVE REPLACEMENT OF CLasTIC GRAINS 
BY CHLORITE 
To be compared with Fig. 3. Ordinary light, < 120. 
Ficure 5. Gray Laver in Macnetic Ironstone, SHOWING SIDERITE Ruomas IN CuLoRiTe Matrix 
Ordinary light, 120. 
Ficure 6. Dark Layer In MAGNETIC IRONSTONE, SHOWING MAGNETITE CRYSTALS IN CHLORITE MATRIX 


Ordinary light, < 120. 








258 


silica is assumed to be chert. The estimated 
mineralogical composition of the banded iron 
formation is as follows: 


Weight 
Constituent per cent 
81.0% FeCO; 
4.9% MnCO; 
Carbonate 9.5% MgCO,{ "°°" 62.4 
4.6% CaCO; 
Binns ba.7a0s denne eel eam sbuesiaece 32.0 
| rent reer 1.8 
Miscellaneous (phosphate, chlorite, iron 
a pas cating ereans dadecee esas 3.8 
100.0 


Since almost all of the FeO, MgO, CaO, and 
MnO content is combined as carbonate, it 
would appear that the P,Os; must exist in 
combination with the Al,O3. Possibly variscite 
(AIPO,-2H,0) is present. 

Two analyses (Table 3, C, D) of carbonate- 
rich layers of iron formation show that the 
“carbonate” contains on the order of 20 per 
cent chert, which occurs as an interstitial 
mineral. The analyses also indicate a consider- 
able variation in the composition of the carbon- 
ate, especially with respect to MnCO3. Calcula- 
tion of the proportions of the four carbonate 
end members, like calculations of the mineral 
content of the banded iron formation, is subject 
to uncertainty because the mineralogical form 
of the phosphate is unknown. However, as- 
suming the MgO, CaO, and MnO to be in the 
form of carbonate, and assigning sufficient FeO 
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to use up the remaining CO:, the following 
values are obtained for the composition of the 
carbonate in weight per cent: 


Analysis C Analysis D 
NS i se acuwarwaues 81.8 73.6 
Se 5.4 16.2 
er er 9.8 6.3 
GS i c ccwee ans 3.0 3.9 
100.0 100.0 
FeO (excess)......... 1.4 2.2 


The tabulated composition must be con- 
sidered an approximation only, as it is possible 
(if not probable) that some of the CaO is 
combined as phosphate and that some of the 
MgO is combined as silicate. 

Significance of the breccia.—The breccia is a 
typical constituent of the uppermost part of 
the iron formation. In places it grades im- 
perceptibly upward into a rock that contains 
clastic quartz, which in turn, through diminu- 
tion in the amount of siderite and increase of 
clastic quartz grains, grades into a graywacke 
containing a few widely scattered fragments 
and grains of chert. Downward it may grade 
into banded iron formation through a facies in 
which the chert layers are merely segmented 
(Pl. 2, fig. 1). Elsewhere the contact with the 
overlying graywacke is abrupt, although in a 
few places interbedding of graywacke and brec- 
cia has been observed. 

From the internal evidence—the absence of 





Pirate 1. IRON-RICH ROCKS FROM THE IRON RIVER DISTRICT 


Ficure 1. Pyrirric Biack SLATE (POLISHED SURFACE) 
Pyritic layers appear light-colored because of reflected light; unpolished specimens are dull and nearly 


black. About half natural size. 


FicurE 2. UNoxipizED, BANDED IRON FORMATION 
Chert, dark gray; siderite, light gray. Etched with HCI. Note that prelithification slump structures in 
layer at upper left do not disturb overlying stylolite seam. Half natural size. 
FicurE 3. SPECIMEN SHOWING CHANNELING OF UPPER SLATY MEMBER OF IRON FORMATION BY GRAYWACKE 
Interbedding of — slate with carbonate characteristic of upper part of iron formation. Note chert 


nodules. About half natural size. 


Ficure 4. STyLoLitE SEAM IN UNOxmpDIzED [RON FORMATION 
Chert, white; siderite, light gray. About half natural size. 


Pirate 2. SPECIMENS OF BRECCIA AND MAGNETIC IRONSTONE 


Ficure 1. SPECIMENS ILLUSTRATING TRANSITION FROM BANDED IRON FORMATION TO GRAYWACKE 

The drill hole passed through normal banded iron formation, to iron formation with segmented chert 
layers (A), to iron formation breccia (B), to breccia of chert and siderite fragments in sandy, sideritic matrix 
(C), thence to massive graywacke. Two-thirds natural scale. Specimens collected by C. E. Dutton. 

FicurE 2. MAGNETIC IRONSTONE 

Specimen at left shows thin lamination common to some facies; rock is purplish because of slight oxida- 
tion. Drill core shows typical banding and contemporaneous deformation structures. Light layers are largely 
siderite and chert; dark layers are mixtures of chlorite and magnetite. Two-thirds natural scale. 
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shear planes and of through-going planes of 
displacement and the presence of undistorted 
stylolites—as well as the constant stratigraphic 

position, it is clear that the breccia is of sedi- 

mentary or at least contemporaneous origin. 

The breccia records the beginning of a tectonic 
disturbance that was to terminate the epoch 

of chemical sedimentation and usher in an 

J epoch of clastic deposition. The general absence 
of material other than that derived from the 

iron formation indicates that at least the early 

stages of the disturbance were largely confined 

to the basin of deposition. The breccias would 

be the normal result of local increases in sub- 

‘ marine slope, with consequent slumping and 
de ( liding of the partly consolidated sediments. 
Comparison with other iron formations —The 


¢ Precambrian iron formations of the Lake Su- 
x perior region and regions in India, Brazil, South 
tL Africa, Labrador, and elsewhere, have certain 
8s features in common, especially in that the iron- 
9 rich layers are characteristically interlayed with 


chert. Yet there are striking differences, even 
within a single formation. For example, the 
Biwabik iron formation of the Mesabi range, as 
described most recently by Gruner (1946), is 
divided into several members in which the 
predominant iron mineral may be a silicate 
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(minnesotaite, greenalite, stilpnomelane), an 
oxide (magnetite, hematite, goethite), or a 
carbonate (siderite). Doubtless, some of these 
variations are due to metamorphism such as 
described by Tyler (1949), but others are 
certainly primary. 

Although much of the discussion of the origin 
of the iron ores of the Lake Superior region 
has hinged on the assumption that a large 
part of the iron formation was originally sider- 
itic or greenalitic, banded chert-siderite, such 
as that of the Iron River district, is not a par- 
ticularly common rock type. It is not present 
in the old Menominee range and is of minor 
importance in the Vermilion and Mesabi ranges. 
In the Gogebic range, much of the siderite is 
present in sideritic slates. It is reported from 
the Cuyuna range (which in some respects is 
more similar to the Iron River district than any 
other of the Lake Superior districts) and is 
locally abundant in the Marquette range. In 
the writer’s opinion, this lack is not entirely 
the result of later modifications (such as oxida- 
tion to hematitic rocks), but is, to a considerable 
measure, a reflection of original differences in 
the iron formations. Probably an appreciable 
part of the chert-hematite rock that makes up 
the bulk of the formation in most of the ranges 





Pirate 3. PHOTOMICROGRAPHS 


FicureE 1. Pyritic BLack SLATE 
Polished section showing pyrite (white). 400. 
FicureE 2. CHERT FROM IRON FORMATION 
Crossed nicols, X 120. In ordinary light, chert is entirely clear. 
FicurE 3. SMERITE FROM [RON FORMATION 
Ordinary light, X90. 
Ficure 4. StyLotiteE SEAM CuTTING CHERT VEINLETS IN UNOXIDIZED IRON FORMATION 
Siderite, dark gray; chert, mottled light gray, contains about 10 per cent siderite. Crossed nicols, X 20. 
FicurE 5. GRANULAR SIDERITE FROM Upper Part OF IRON FORMATION 
Some granules cored with dusty hematite or altered silicate. Ordinary light, 155. 

Ficure 6. SPHERULITIC SIDERITE FROM Upper Part oF IRON FORMATION 








Crossed nicols, X 22. 


Pirate 4. PHOTOMICROGRAPHS 


Ficure 1. Meprom-GraINeED GRAYWACKE SHOWING MARGINAL REPLACEMENT OF Quartz GRAINS BY 
CHLORITE 
Ordinary light, 120. 
Ficure 2. DeTatL OF MARGINAL REPLACEMENT OF Quartz GRAIN (CoLoRLEss) By CHLORITE 
Ordinary light, 520. 
Ficure 3. Fine-GRAINED GRAYWACKE SHOWING SCATTERED QUARTZ GRAINS AND SHADOWY CHERT GRAINS 
IN Matrix oF CHLORITE 
Ordinary light, 120. 
Ficure 4. Five-GraINED GRAYWACKE SHOWING EXTENSIVE REPLACEMENT OF CLasTic GRAINS 
BY CHLORITE 
To be compared with Fig. 3. Ordinary light, X 120. 
Ficure 5. Gray LAYER IN MAGNETIC IRONSTONE, SHOWING SIDERITE RHOMBS IN CHLORITE MatRIx 
Ordinary light, < 120. 
Ficure 6. Dark LAYER IN MAGNETIC IRONSTONE, SHOWING MAGNETITE CRYSTALS IN CHLORITE MATRIX 
Ordinary light, X 120. 
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is essentially in its original form and composi- 
tion. Gruner (1922, p. 416) has expressed a 
somewhat similar view regarding some phases 
of the Biwabik iron formation of the Mesabi 
range. 

Sedimentary iron formations of younger age 
are abundant throughout the world, and, 
though they lack the characteristic chert bands 
of the Precambrian formations, they duplicate 
the habit of the iron-bearing phase of those 
beds. Thus, sideritic beds are abundant in the 
Jurassic of England and France and in many 
places are mined as iron ore. Siderite strata are 
common as minor units of the Carboniferous 
of the Appalachians (Singewald, 1909; 1911), 
and the Tertiary siderite-glauconite beds of the 
Gulf Coast are well known. In the European 
occurrences, the sideritic strata are commonly 
associated with, or grade into, rocks composed 
predominantly or entirely of other iron minerals 
such as limonite, hematite, or chamosite, all 
of which appear to be primary sediments under 
certain conditions. (The term primary is used 
rather broadly here, to include products of 
diagenesis as well as direct precipitates.) 


Hanging-Wall Strata 


Description —The hanging-wall strata com- 
prise the group of rocks stratigraphically above 
the iron formation and below the magnetic 
ironstone. Massive graywacke is the major 
rock type. The lowermost part of the unit 
characteristically contains angular fragments 
of chert, siderite, and slate derived from the 
underlying iron formation. In a few localities 
the fragments are somewhat rounded and the 
basal member approaches a true conglomerate. 

The contact of the hanging-wall strata with 
the iron formation is abrupt and clearly marks 
a tectonic disturbance. Pronounced angular 
unconformity is rarely observed, but gradual 
truncation of the underlying beds is evident 
in many places. Channeling of the lower unit is 
not uncommon (PI. 1, fig. 3). 

The term graywacke is used as defined by 
Pettijohn (1943, p. 944): a rock containing 
angular detrital grains, mainly quartz with 
some feldspar, set in a prominent to dominant 
“clay” matrix. As Pettijohn points out, the 
large proportion of matrix material provides 
the essential difference between graywacke and 
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sandstone or quartzite. The graywacke that 
makes up the bulk of the hanging-wall strata 
in the Iron River area can be divided into two 
rather distinct facies that are stratigraphically 
equivalent. The most widespread type is a 
dark-gray rock in which clastic feldspar is rare 
to absent. It has an iron content of 12 to 18 
per cent. The other type, which appears to be 
essentially limited to the most northwesterly 
part of the district, contains abundant feldspar 
grains, and has an iron content that rarely 
exceeds 8 per cent. These two facies are de- 
scribed in more detail below. 

Iron-rich graywacke facies—The iron-rich 
graywacke is a massive, dark-gray, thick- 
bedded, fine-to-medium-grained rock. The only 
megascopically recognizable constituents are 
glassy quartz grains and occasional chert or 
slate fragments. Layers of dark-gray or grayish- 
green argillite and, more rarely, greenish chert 
are interbedded with the graywacke, especially 
in the lower part of the section, but their 
aggregate thickness is small compared to that 
of the graywacke. 

Under the microscope, the iron-rich gray- 
wacke is seen to consist of scattered, subangular 
quartz grains in a fine-grained matrix that 
ordinarily constitutes 25 to 40 per cent of the 
rock. Chert fragments and grains are seen in 
nearly all thin sections and are abundant in 
some. Feldspar grains are scarce, and “heavy” 
minerals, such as zircon, are exceedingly rare. 
The matrix commonly consists of a very fine- 
grained, greenish chlorite with random orienta- 
tion, together with scattered small grains or 
patches of siderite. Locally, either one may 
dominate, but chlorite is the more abundant. 
This chlorite is an iron-rich variety, determined 
by E. S. Larsen, 3d, as aphrosiderite. It is 
pale green, has a mean index of about 1.63, 
and is weakly pleochroic with Z = Y = green, 
X = pale yellowish-green. Birefringence is 
low (less than 0.010) but is difficult to determine 
on account of the fineness of grain. 

An extraordinary feature of this rock is the 
replacement of the chert and quartz grains by 
the chlorite. In most thin sections examined, 
the chert is at least 50 per cent replaced, and 
the quartz slightly embayed, but in others the 
chert is inferred only from phantom outlines 
and the quartz grains are all marginally re- 
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placed (Pl. 4, fig. 1). Variation in the intensity 
of alteration is shown on figures 3 and 4 of 
Plate 4. A detail of the replacement of a quartz 
grain is shown on figure 2 of Plate 4. 

The replacement does not bear any spatial 
relation to the ore bodies or to structural 
features. It appears to represent reaction be- 
tween two chemically dissimilar materials—the 
matrix and the quartz—which reaction might 
well be considered a form of metamorphism 
analogous to the development of reaction rims 
(coronas) in more intensely metamorphosed 
rocks. However, according to the literature 
dealing with the unmetamorphosed younger 
ironstones, partial replacement of clastic grains 
contained in an iron-rich matrix is common. 
Although, as noted by Berg (1944, pp. 70-80), 
Hayes (1915), and Taylor (1949), marginal 
replacement by siderite is more typical, Taylor 
shows that replacement of quartz grains by 
chamosite does occur (1949, Pl. VI, fig. 4). 
It seems, therefore, that the chlorite replace- 
ment of clastic grains in the Iron River rocks 
is more properly to be considered the result 
of diagenetic reactions affecting the rock shortly 
after deposition, than the result of later meta- 
morphism. The greater susceptibility of the 
chert to replacement is of interest. So far as 
known, there is at present no chemical or 
crystallographic difference between the silica 
of the chert and quartz grains. It is quite 
possible that the replacement took place prior 
to crystallization of the SiO2 to its present 
form—that is, at a time when the silica was 
opaline or chalcedonic. However, if the replace- 
ment took place later, then the fact that a 
chert grain is made up of a hundred or so 
units of different crystallographic orientation 
would be important; the intergranular bound- 
aries provide a vastly greater area for attack as 
compared with the crystallographically con- 
tinuous material of a quartz grain of the same 
size. 

Table 4 gives an analysis of graywacke made 
up of about equal parts of quartz grains and 
matrix material; the matrix consists of about 
80 per cent chlorite and 20 per cent siderite. 
This rock is much lower in alumina and the 
alkalies than the “average” graywacke (see 
Pettijohn, 1943), and much higher in iron. The 
absence of feldspar among the clastic grains 
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doubtless accounts for the alumina-alkali de- 
ficiency, and the abundant chlorite and siderite 
accounts for the high iron. 


TABLE 4. CHEMICAL ANALYSIS OF GRAYWACKE 
FROM IRON River DIstRIcT 





Was cal ooee ekececeat ees 62.75 
IG 4705, ba peas ae eihienteua ease 7.05 
SE civicks ic ohne decuccaleswes 1.84 
UE Ga ptcd ta kerec clan sano oe Oe tek 16.36 
WEL cicoxie dl wdcitanndswaeiaanite 2.95 
ER ti lee ricer rn ee 0.38 
ME er kcuater adie aoe 0.05 
MME caine ras as cas eae eaa none 
| pA RRA tate PG eg A Oy 0.23 
MNS ak ntacscceia sa wala nee 3.14 
PEL Asc. dia crnie a cts crete alee aae ee 0.40 
2, SRA E OOP OaPe sD APR A OMS RAR Pe de 3.83 
RAE Paty ae eee ee ie 0.10 
PEN ic i cist punisddewes<ecksder 1.17 

I ious: cata warneeenes 100.25 





Locality: Drill hole 501, Hiawatha mine. 
Analyst: Alexander L. White, U. S. Geological 
Survey. 


Feldspathic graywacke facies —Graywacke 
containing abundant clastic feldspar is the 
major rock type in the hanging-wall strata in a 
relatively restricted area in the northwestern 
part of the district. The rock varies from fine- 
to very coarse-grained, and cross bedding, never 
observed in the iron-rich graywacke, is not 
uncommon. The iron content, generally less 
than 8 per cent, is much less than that of the 
hanging-wall graywacke typical of most of the 
Iron River district. The interbedded slates are 
also low in iron. 

As seen under the microscope, the clastic 
fraction contains 10-20 per cent feldspar, the 
remainder being chiefly quartz. The grains are 
angular to sub-rounded, and are sharply de- 
fined; marginal! replacement, such as occurs in 
the iron-rich variety of graywacke, is not 
present. The matrix material is mostly sericite. 
“Heavy” minerals observed include zircon, ti- 
tanite, and garnet. 


Magnetic Ironstone 


Description.—The “‘magnetic ironstone” unit 
is the youngest of the Huronian rocks known 
in the Iron River district. For the most part 
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it is preserved only in the cores of the deeper 
synclines. The unit as a whole is characterized 
by relative abundance of magnetite. Because 
of its magnetic properties, the rock is of especial 


TABLE 5. CHEMICAL ANALYSIS OF MAGNETIC 
IronsTONE, IRON River District 


DG Aaiéamnsceshirakanida saws 48.11 
Py kc wea daewA caeaa de dbeeie 3.27 
2 wick ck wee heaton ar abely ‘She aca 13.62 
EE eas eee 16.69 
a ch inet aed Lag Sua a bee 2.91 
aS ee eee 0.80 
EES ae a coe Sere 2 0.24 
| Ree ar er airoret 2.32 
Ss oo scat asind has take aaa 0.44 
Bs cane Goe ase kdaee keen cae 1.74 
LC ica a dlels Wa Rave ate auth wai 0.52 
Ne vin n oink hase ameleaa salqaded 0.44 
Rc bia eric sini cle Salta is, nee eee a 5.62 
ES eee me, 3.37 
SESE _ 
BE ee ee ee Se 99.99 





Locality: Hiawatha mine; drill hole from 16th 
level. 

Analyst: Leonard Shapiro, U. S. Geological 
Survey. NazO and K;O determined with flame 
photometer by W. W. Brannock. 


importance in that it can be traced by use of 
instruments such as the magnetometer. 

The most common facies is a hard, tough, 
laminated rock (Pl. 2, fig. 2) consisting of 
alternating light-gray and dark-gray layers with 
occasional layers that are nearly white. This 
rock type grades upward into a dark-gray or 
black, compact rock, essentially non-sideritic. 
Of lesser importance are fine-grained graywacke 
and gray argillite. 

The relationship of the magnetic ironstone 
to the underlying hanging-wall graywacke is 
one of conformity with some interbedding. 
The total thickness in this area is not known, 
but in the Crystal Falls district to the east the 
same stratigraphic unit is about 100 feet thick 
(Pettijohn, 1947). 

Microscopic and chemical features —The rock 
is exceedingly fine-grained for the most part. 
Under the microscope, it is seen to be composed 
of four major constituents: siderite, chlorite, 
magnetite, and chert. Sericite and clastic quartz 


are minor constituents. A fine-grained, color- 
less, weakly birefringent material that may be 
kaolinite is commonly present. Only rarely are 
layers composed of but one mineral; most are 
mixtures. Predominant phases in the dark layers 
are chlorite and magnetite; in the gray layers, 
siderite with minor ciiiwrite; and, in the light- 
gray layers, finely intergrown siderite and chert. 
The chlorite forms a mat of fine needles and 
plates. The larger grains have a definite green 
color and show moderate pleochroism. Because 
of the fineness of grain, the birefringence in 
mass is almost zero, although it is low to moder- 
ate (up to first-order yellows and reds in thin 
sections of normal thickness) in the larger 
grains. The mineral appears to be practically 
identical with the chlorite described earlier in 
the graywackes as “aphrosiderite.” Chert may 
possibly form some of the groundmass in the 
chlorite-rich layers also, but it is difficult to 
determine on account of the fineness of grain. 
Sericite also may be more abundant than 
indicated, especially in the lighter-colored lay- 
ers. In some of the layers, the siderite forms 
well-defined rhombs in a fine-grained chlorite 
matrix (Pl. 4, fig. 5), but more commonly it is 
present as grains of irregular outline. 

The magnetite is to a large degree limited to 
the green silicate layers and accounts for some 
of the dark color of these layers. It occurs as 
discrete grains, most of which show crystal 
outlines (Pl. 4, fig. 6). Clastic quartz is not 
uncommon and generally forms layers of only 
one or two grains thickness. Most of the grains 
show marginal replacement by the green sili- 
cate, similar to that described in the graywackes 
of the hanging-wall strata. 

The magnetic ironstone varies somewhat in 
composition, but appears to contain on the 
average about 20 per cent iron. A complete 
analysis is shown in Table 5. In this particular 
sample, the total Fe content is about 22.5 per 
cent, and the Mn content is about 2.5 per cent. 
All specimens analyzed thus far show an ap- 
preciable alkali content, but the mineralogic 
occurrence of this material has not been es- 
tablished with certainty. Sericite is common as 
a minor constituent but does not seem abundant 
enough to account for the analyzed values. 

Comparison with other rocks.—Mineralogically 
the magnetic ironstone is somewhat analogous 
to some phases of the younger ironstones of 
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other parts of the world. Among the British 
rocks, for example, are Jurassic mudstones 
consisting largely of chamosite and siderite 
without the odlitic texture that characterizes 
most of those ironstones. As described by Halli- 
mond (1925, p. 94-95), these rocks commonly 
show siderite rhombs scattered through a fine- 
grained chamosite groundmass, and the example 
shown in his illustration is very similar in 
appearance to figure S of Plate 4 of this report. 
Magnetite is rarely present in these Jurassic 
rocks. However, in similar though somewhat 
metamorphosed rocks of Lower Paleozoic age 
in North Wales (Hallimond, 1925, p. 70-72), 
magnetite is noted as a common accessory, the 
chamosite appears to have been somewhat 
changed in character, and stilpnomelane is 
locally present. 

The mineralogic changes that have taken 
place in metamorphosed chamositic rocks have 
challenged numerous workers; many of the 
details are still obscure. Chamosite appears to 
be very readily altered to green chlorite and 
chlorite-like minerals of similar composition 
(Berg, 1944, p. 80-86; Hédl, 1941, p. 54-59), 
and magnetite appears to be a normal product 
of the reaction. The iron-rich chlorites (aphro- 
siderite, thuringite, ‘“moravite,” and “baval- 
ite”) all occur commonly in the metamorphosed 
bedded ores of Thuringia (Germany) and are 
typically associated with magnetite. 


PossIBILITY OF REPLACEMENT ORIGIN FOR 
THE IRON 


The possibility has been entertained that 
the high iron content of the Iron River rocks is 
secondary, the result of post-consolidation re- 
placements. Although such a theory may appear 
to be acceptable for a single deposit, extension 
of the concept to account for iron in four strati- 
graphic units, with different mineralogy in 
each, seems very questionable. Furthermore, 
the constancy of chemical composition of the 
various units, the preservation of fine sedi- 
mentary features such as bedding and pre- 
consolidation slump structures, and the pres- 
ence of fragments of each of the rock types in 
intraformational breccias and clastic dikes, are 
all potent arguments against the concept. 

The stylolite seams in the banded iron forma- 
tion are of some importance in the timing of 
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events. The stylolitic columns are at right 
angles to the bedding, which fact, by inference 
from Stockdale’s studies (Stockdale, 1922; 
1943), shows that they were formed while the 
beds were horizontal. (Bedding-plane stylolites 
formed in tilted beds have columns that are 
vertical at time of formation regardless of the 
angle of bedding.) The stylolite seams cut 
veinlets of chert and siderite (Pl. 3, fig. 4), 
therefore the veinlets were formed while the 
beds were horizontal. Inasmuch as these vein- 
lets cut, with sharp-walled contacts, the layered 
chert and siderite, any postulated replacements 
must have taken place prior to any structural 
disturbance of the beds—a most unlikely pos- 
sibility. 


CONDITIONS OF SEDIMENTATION 


General Considerations 


Of the series of rocks described, only the 
banded chert-siderite is normally called iron 
formation. But the entire sequence of rock is 
‘fron formation” in that the iron content is 
far above that of normal sediments. The average 
iron content of the graphitic slate is about 20 
per cent; of the chert-siderite rock, 25 per cent; 
of the hanging-wall breccias and graywacke, 
15 per cent; and of the magnetic ironstone, 20 
per cent. These values may be compared with 
those for normal shale (3-4 per cent) and sand- 
stone (less than 1 per cent). 

The conditions that permitted accumulation 
of iron-rich sediment quite evidently persisted 
for a long period of time and through rather 
extensive changes in physical environment. The 
ultimate reason for an epoch of iron-rich sedi- 
mentation thus would appear to have trans- 
cended any local details in the configuration of 
the basin and the adjacent land area. 

The theory has been advanced that con- 
temporaneous volcanism somehow played a 
part in the origin of the Precambrian iron 
formations of Lake Superior (Van Hise and 
Leith, 1911; Aldrich, 1929; Collins, Quirke, and 
Thomson, 1926) and of South Africa (Wagner, 
1928). This is the type of transcending control 
that might be acceptable, since it would be 
independent of the details of the environment. 
It is rejected by the writer because of the 
complete lack of direct evidence and because 
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of certain negative aspects. No volcanic rocks 
of reasonably contemporaneous age are known 
in the Iron River area—or, for that matter, in 
most of the iron districts of Lake Superior and 
of the world. No volcanic debris is found in the 
associated clastic rocks, although some of those 
rocks contain coarse, angular material. Cer- 
tainly the younger formations, such as the 
Wabana deposits of Newfoundland (Hayes, 
1915) and the Jurassic ironstones of England 
(Hallimond, 1925; Taylor, 1949) and France 
(Cayeux, 1909; 1916; 1922), were formed in 
marine environments without associated vol- 
canism. Furthermore, if volcanism is a prime 
requisite, why was not iron-rich rock deposited 
at the time of the volcanism in the Iron River 
area, or at its cessation? Present-day volcanic 
activity is relatively intense and is occurring in 
a great variety of oceanic environments. Why 
are not iron-rich (or silica-rich) rocks being 
formed? 

It is the writer’s opinion that climate alone, 
with its attendant effects on rock weathering 
and stream load, is eminently qualified to 
furnish the transcending control for an interval 
of iron-rich sedimentation. Statements that 
stream contributions are not adequate to form 
the known deposits of iron and silica have been 
effectively answered by Gruner (1922) and 
Gill (1927). It is true that these materials are 
present only in minor quantities in temperate- 
climate streams. But in streams draining areas 
being weathered under humid-tropical or 
humid-subtropical conditions, iron and silica 
content is exceedingly high. The following 
values are averages taken from the Data of 
Geochemistry (Clarke, 1924, p. 80, 95) for 
waters of the Mississippi compared with the 
streams of British Guiana, in parts per million: 


Mississippi British Guiana 
River streams 
Ns is ties Sdticn 19.4 4.6 
SE 6.1 a8 
ee 8.4 42.6 
FeOs...... 0.4 8.3 


These values do not represent extremes, yet 
they furnish clear evidence of the variations 
possible in the chemical products of rock 
weathering pertinent to this discussion. 

If we assume a basin of deposition rimmed 
with land being weathered under conditions 


roughly comparable with those now prevailing 
in the Amazon Basin, some of the necessary 
conditions may be satisfied. It seems necessary 
to postulate also partial closure of the basin, so 
that iron concentration can be built up. Proba- 
bly no good analogy can be drawn between the 
postulated environment and one existing today, 
but, as Woolnough (1937) has pointed out, there 
is considerable indirect evidence to indicate 
that extensive “barred basins” have existed in 
the past. 

Within this framework, the nature of iron 
precipitation then would depend upon the im- 
mediate details of the environment. Four pri- 
mary sedimentary facies can be distinguished 
on the basis of the iron mineralogy: sulfide, 
carbonate, silicate, and oxide. The first three 
of these facies are illustrated by the Iron River 
rocks and are discussed in the concluding 
paragraphs. The oxide facies, however, is not 
present in this suite of rocks, though it is a 
widespread (but generally unrecognized) type 
in the Lake Superior region. 


Conditions of Origin of the Graphitic 
Slate (Sulfide Facies) 


The graphitic slate almost certainly origi- 
nated as a black mud rich in organic material. 
Present-day organic muds have been described 
from a number of European localities, notably 
at places in the Baltic Sea, the Black Sea, the 
Caspian Sea, the Norwegian fiords, and the 
eastern Mediterranean. A detailed description 
of a Baltic locality has been given by Twenhofel 
(1915). K. M. Strdm (1939) hasdescribed bottom 
sediments in Norwegian fiords cut off from the 
sea by shallow thresholds; the muds are 
black, heavily charged with HS, and the 
organic carbon-content is as high as 23.4 per 
cent. 

As discussed by Strém, such muds are found 
at depths ranging from a few feet to several 
thousand feet. The essential condition for their 
accumulation is poor bottom ventilation; in 
general, such deposits are limited to basins and 
troughs. In this environment, H2S is generated 
by anaerobic bacteria acting on organic 
material, and iron is extracted as ferrous sulfide 
which gradually is transformed into pyrite. 
It should be emphasized, however, that few 
rocks originating as organic muds are as rich 
in iron as the graphitic slate of the Iron River 
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area. The (roughly) 40-per cent pyrite content 
of the Iron River rock is the result of 
coincidence of two conditions: (1) abundance 
of HS on the sea bottom, and (2) exceptionally 
high iron content of the sea water. 


Conditions of Origin of the Banded 
Chert-Siderite (Carbonate Facies) 


In this paper, the iron formation proper is 
treated as only one member of an iron-rich 
sequence. The chert-carbonate rock is con- 
sidered the product of optimum conditions, 
which include, within the described environ- 
ment: 

(1) Absence of clastic material, either muds 

or sands. 

(2) Bottom ventilation adequate to remove 
most of the organic material. It is to be 
noted, however, that reducing conditions 
still prevail, as attested independently by 
the present content of nearly 2 per cent 
graphite. 

(3) Quiescence—absence of wave action and 
turbulence—which would permit separa- 
tion of the silica and iron. 

The mode of separation of a silica-rich phase 
from the iron-rich phase, and the essential 
limitation of this rock type to the Precambrian, 
are the most perplexing problems connected 
with the origin of iron formation. Many pos- 
sibilities can be offered for the cause of, the 
separation, such as gravitative separation of 
colloids (Moore and Maynard, 1929), diffusion 
of silica (Davis, 1918), and periodic develop- 
ment of siliceous organisms, all of which might 
be effective, but all fail to explain the limitation 
of the rock to the Precambrian. The present 
writer believes that the answer may lie in the 
nature of the atmosphere during Huronian 
time, especially with regard to its CO content. 
Given the possibility of much greater variations 
in COs pressure, then such factors as the greater 
stability of FeCO; compared with CaCO; (in 
the presence of increased CO2) and the coag- 
ulative effects of Ca*++ on colloidal Si02 may 
be critical. At present, however, the problem 
must be considered unsolved. 


Conditions of Origin of the Iron-Rich Graywacke 
and Magnetic Ironstone (Silicate Facies) 


The conditions governing the origin of the 
iron-rich graywacke and the magnetic ironstone 


are considered together, as they represent vari- 
ations of what can be classed, on the basis of 
the iron mineralogy, as the silicate facies. 

Tectonic disturbance at the close of iron 
formation time caused chemical precipitation 
to give way to accumulation of clastic material. 
The silicate facies is conceived as originating 
by reaction of the available iron and silica 
with the finer fractions of the clastic load, and 
the presence or absence of sand-size fractions is 
simply a reflection of the relief of the adjacent 
land area. 

As discussed earlier, it seems probable that 
the present silicate (chlorite) is a metamorphic 
mineral, formed at the expense of some primary 
silicate (possibly chamosite) and that, in the 
absence of carbonate, magnetite is a normal 
product of this reaction. The reason for the 
antipathetic relation between magnetite and 
siderite is not clear. Possibly the original car- 
bonate of the carbonate-bearing layers was 
a mixture of iron, magnesium, and calcium 
carbonates—a reasonable assumption consider- 
ing the environment—and the iron released by 
metamorphism of the original silicate of those 
layers, instead of forming a separate phase, 
replaced some of the magnesium or calcium. 
Possibly original variations in the iron content 
of the primary silicate are responsible; that is, 
the present magnetite-chlorite layers were com- 
posed originally of silicate richer in iron than 
silicate of the layers that did not yield 
magnetite. 
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ST. PAUL GROUP: A REVISION OF THE “STONES RIVER” GROUP 
OF MARYLAND AND ADJACENT STATES 


By Rospert B. NEUMAN 


ABSTRACT 


The “Stones River” group of Maryland and adjacent States has been studied in light of recent classifi- 
cations of the Middle Ordovician. The term St. Paul group (new), proposed as a substitute for the errone- 
ously applied “Stones River” group, contains two formations, a lower, Row Park limestone (new), and the 
overlying New Market limestone. The Row Park limestone forms a wedge whose thin edge lies in West 
Virginia, thickening to an observable maximum in southern Pennsylvania. The formation includes dark, 
granular limestone bordering dove vaughanites on the south, east, and north. The New Market limestone 
was traced from Virginia, through West Virginia and Maryland, to southern Pennsylvania; it thickens in 
Maryland and southern Pennsylvania at the same rate and in the same direction as the Row Park limestone. 
The New Market is primarily dove vaughanite in southern areas, but considerable amounts of darker and 
magnesian limestones form the lower part of the formation north of the Potomac River. 

The Row Park limestone fauna suggests correlation with type Lenoir limestone of northeastern Tennes- 
see, and its equivalents in Virginia, and with the Chazy limestone of New York. 

Corals dominate the fauna of the New Market; this fauna suggests correlation with the Pamelia lime- 
stone of New York and Ontario and with the Five Oaks limestone of the southern Appalachians. 
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INTRODUCTION 


A considerable thickness of Middle Or- 
dovician limestone, long classified as “Stones 
River’ limestone, is exposed in Maryland and 
adjacent States. G. M. Kay, G. A. Cooper, and 
B. N. Cooper have recently reclassified these 
beds; Kay studied beds in central Pennsylvania, 
and Cooper and Cooper concentrated their re- 
searches in Virginia and eastern Tennessee. 
Somewhat different interpretations were offered 
for the two regions. The Middle Ordovician of 
Maryland, geographically intermediate, was in- 
vestigated with the hope of resolving interpre- 
tations. 

The area investigated includes parts of south- 
ernmost Franklin County, Pennsylvania, 
central Washington County, Maryland, central 
Berkeley County, West Virginia, and north- 
eastern Frederick County, Virginia (Fig. 1). 

The strata examined for this report were 
mapped as “Stones River” by Stose (1909) in 
the Mercersburg and Chambersburg quad- 
rangles of Pennsylvania, by Cloos (1941) in 
Washington County, Maryland, and by Grims- 
ley (1916) in Berkeley County, West Virginia; 
Butts (1933) mapped them as Mosheim and 
Lenoir in Frederick County, Virginia. 

The structural environment of these beds is 
that of the folded Appalachians. For the most 
part only the edges of steeply dipping strata can 
be observed, and only in quarries are exposures 
good. 

The syncline forming Massanutten Mountain 
of Virginia continues northward through the 
Chambersburg quadrangle forming a belt of 
Martinsburg shale about 4 miles wide. The best 
exposures of “Stones River” within the area of 


this report appear along the western side of this 
shale belt, essentially parallel to U. S. Highway 
11 from Winchester, Virginia, to Falling Waters 
West Virginia. The eastern limb of this syncline 
is badly broken by faulting so that sections 
exposing a full thickness of beds, without 
structural complications, are seldom found (PI. 
1). In Maryland three belts of outcrop may be 
observed, two bordering the Massanutten syn- 
cline and another about 2 miles west of its 
western limb (Pl. 3). 

Within the Mercersburg-Chambersburg 
quadrangles faulting has been much more in- 
tense; only one section is known whose relation- 
ships have not been obscured by tectonic 
deformation. Gravels derived from the adjacent 
mountains prevent good exposure of the sections 
in the westernmost belts of the Mercersburg 
quadrangle. P 

The field seasons of 1947 and 1948 were 
spent in the area. Published geologic maps of 
Stose, Cloos, Grimsley, and Edmundson were 
guides to localities where the rocks could be 
most advantageously studied. Plate 3 is based 
on topographic maps of the U. S. Army Map 
Service on a scale of 1:25,000, published within 
the last 4 years. 
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nessee has developed independently from that 
in central Pennsylvania. From the time when 
all the valley limestones from Cambrian 
through Middle Ordovician were called one 
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DEVELOPMENT OF THE STONES RIVER 
CONCEPT IN THE APPALACHIANS 
General Statement 


Study of lower Middle Ordovician stratigra- 
phy of the Appalachians in Virginia and Ten- 


formation, the rocks have been subdivided dif- 
ferently and assigned different names in north- 
ern and southern regions. 


Shenandoah Limestone 


Geiger and Keith (1891, p. 161) proposed the 
name Shenandoah limestone for the limestones 
below the Martinsburg shale near Harpers 
Ferry, West Virginia. Keith later (1894) 
mapped all the limestones between the 
Antietam sandstone and the Martinsburg shale 
as “Shenandoah limestone,” although both 
Cambrian and “Lower Silurian” fossils were 
collected from it. 


Stones River 


Studies of the Appalachian Ordovician dur- 
ing the 40 years that followed Keith’s work 
were largely dominated by the late E. O. Ulrich 
of the U. S. Geological Survey. He became 
familiar with the type area of the Stones River 
group in central Tennessee while working on 
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the Columbia quadrangle in 1899 and 1900.' 
Subsequent study of the rocks of the Great 
Valley region of Virginia and Pennsylvania re- 
sulted in his recognition of Stones River equiva- 
lents there (Stose, 1906). 


TABLE 1.—Stones RIVER 








Stose, 1909 


Keith, 1894 Bassler, 1919 


Bassler, 1905 
Collie, 1903 








Martins- Martinsburg sh. | Martinsburg sh. 


Shenandoah 
ls. 


Beekmantown ls. | Beekmantown ls. 











The first application of the Tennessee term 
“Stones River” to a section in the Appalachians 
area was by G. L. Collie (1903, p. 410) for 
beds near Bellefonte, Pennsylvania. Acknowl- 
edging the assistance of Ulrich, he described the 
“Stones River” at Bellefonte as 273 feet of 
alternating dark and light limestones between 
the Beekmantown group and the Black River 
limestone (Table 1). The “Stones River” was 
stated to be equivalent to the Ridley limestone 
of Tennessee, the Pierce and Murfreesboro 
limestones being absent. 

Ulrich assumed (Hayes and Ulrich, 1903, p.3) 
that central Tennessee “Stones River” imme- 
diately overlay the Knox (Beekmantown) dolo- 
mite. Formations overlying the Knox in 
Appalachian occurrences (Lenoir limestone, 
Athens shale, etc.) were considered Stones 
River in age, but lithologic and faunal dif- 
ferences between central and eastern beds 


1 Type Stones River group, named and described 
by J. M. Safford (1851), included the lowest beds 
in the central basin of Tennessee, about 

350 feet of limestone below the siliceous beds of the 
Nashville group. The base of the group is not ex- 
. It is now subdivided by Wilson (1949) as 


ollows: 
Carters limestone 
Lebanon limestone 
Ridley limestone 
Pierce limestone 
Murfreesboro limestone 


(Base not exposed) 
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“... justify the assumption that [the Appa- 
lachian beds] were deposited in a narrow trough 
or bay separated from the larger sea bya 
narrow land barrier” (Hayes and Ulrich, 1903), 

Ulrich expanded his concepts of the Stones 
River in two extensive papers (Ulrich, 1902; 
1911). Both papers are characterized by broad 
generalizations; reconstruction of specific sec- 
tions or application of the concepts to specific 
localities is seldom possible. 

Ulrich’s interpretations were largely accepted 
by his contemporaries. Bassler (1905) followed 
the nomenclature introduced by Collie (Table 
1) and later (1909, p. 52) reported 900 feet of 
“Stones River” at Strasburg, Virginia. Stose 
(1906; 1908), working in the Mercersburg and 
Chambersburg quadrangles, Pennsylvania, ap- 
plied the name “Stones River” to 1050 feet of 
limestone in that area and gave the name 
“Chambersburg” to the overlying beds of Black 
River age. In the Folio on these quadrangles 
the “Stones River’ first appeared as a mappable 
formation (Stose, 1909). 

When Bassler’s Cambrian and Ordovician 
volume of the Maryland Geological Survey ap- 
peared (1919), the name “Stones River” had 
become generally accepted in the Appalachian 
area for limestones overlying the Beekmantown 
group and underlying limestones variously re- 
ferred to the Chambersburg, Blount group, and 
others. All beds referred to the Stones River of 
western as well as eastern occurrences were 
considered Chazyan in age. 

Raymond (1906, p. 572-573), however, pro- 
tested that the fauna of true Stones River of 
middle Tennessee was more closely related to 
that of the type Trenton than to that of the 
Chazy. On paleontologic grounds, therefore, he 
could not accept the Stones River as a Chazy 
equivalent. Until the presentation of B. N. 
Cooper and C. E. Prouty’s ideas in 1943, Ray- 
mond’s statements are the only ones contra- 
dictory to Ulrich. 

B. N. Cooper (1945) reviewed the usage of 
“Stones River” in the Appalachian region and 
showed that its use by various authors since 
1903 was inconsistent. 


Northeastern Tennessee and Virginia 


The Stones River group of northeastern 
Tennessee and Virginia as classified by Ulrich 
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argillaceous but with some pure vaughanite 
beds. Where wholly limestone he designated it 
the St. Clair facies, and where shaley or a red 


(1928) and Butts (1940) consisted of three for- 
mations: the Murfreesboro, Mosheim, and 
Lenoir limestones (Table 2). 


TABLE 2.—‘SToNES RIVER” IN NORTHEASTERN TENNESSEE AND SOUTHWESTERN VIRGINIA 








Ulrich, 1928 


Cooper and Cooper, 
Butts, 1940 1946 i 


: Cooper and Prouty, 
Ulrich, 1939 1943 


Safford and 
Killibrew, 1876 


Safford, 1869 








Speers Ferry§$ Gratton ls. 
Ottosee Is. 
Tellico ss. 
Athens sh. & 


Whitesburg Is. 


Trenton grp. Edinburg fm. 


Holston marble 


; |Ward Cove ls. 





Maclurea Is. 


Lenoir Is. 


Lebanon |s.* 


5,|Ridley*-Lenoir Iss. 


Mosheim Is. 


Strasburg Is.§ 
Lenoir ls. 
Mosheim Is. 


Lincolnshire Is. 
Five Oaks ls. 
Blackford fm. 


Lincolnshire Is. 
Whistle Creek ls. 
New Market ls. 


Murfreesboro Is. 








Murfreesboro Is. 





Knox grp. Knox grp. Beekmantown grp. 











Beekmantown Beekmantown grp. Beekmantown grp. 


grp. 











Note: Position of formation names within groups in this tabulation is not intended to show precise equivalency. 


* Central Tennessee formation, not present in Appalachians. 


t Horizon of the Murfreesboro fauna. 
$§ Not defined. 


Lenoir, as applied to Appalachian rocks, is 
the oldest term and was introduced (Safford 
and Killibrew, 1876, p. 130-131) to replace the 
“Maclurea limestone” (Safford, 1869). Lenoir, 
as defined, was underlain by Knox dolomite and 
overlain by supposed equivalents of the Trenton 
(Lebanon) group. Its type locality is near 
Lenoir City, Tennessee, about 25 miles south- 
west of Knoxville. No detailed account of the 
section at Lenoir City was given, nor was there 
a satisfactory faunal analysis of the formation 
at its type locality. The abundant occurrence of 
Maclurites magnus Lesueur was a principal 
criterion for the recognition of the Lenoir. 

Butts (1940, p. 139) described the Lenoir 
limestone as thick-bedded, dark, and granular, 
commonly cherty and frequently fossiliferous. 

The classification most wide used between 
1930 and 1940 was introduced by Ulrich (1928) 
(Table 2). The Murfreesboro limestone, lowest 
formation of the middle Tennessee Stones River 
group (Safford and Killibrew, 1900, p. 105, 125), 
was identified by Butts and Ulrich in eastern 
Lee County, Virginia, and assigned the lowest 
position in the Stones River group of eastern 
occurrences (Ulrich, 1928, p. 78). Butts (1940, 
p. 120-135) characterized the Murfreesboro as 
a variable limestone, usually thin-bedded and 


mudrock he referred to it as the Blackford 
facies. He identified the formation in belts 
northwest of Clinch Mountain to Highland 
County, Virginia, with two occurrences noted 
east of Clinch Mountain in Rockbridge County. 

The term Mosheim limestone, which in the 
1928 classification succeeds the Murfreesboro, 
was first used by Ulrich in 1911. At that time 
it was assigned to the Stones River group and 
held to be the only formation deposited in all 
of Ulrich’s hypothesized troughs (Ulrich, 1911, 
p. 544). Ulrich, however, gave no type section 
for the Mosheim, nor did he describe its lithol- 
ogy or list its fauna. Wilmarth (1938, p. 1427) 
states that the type locality is at Mosheim 
Station, Greene County, Tennessee, about 60 
miles northeast of Knoxville. It is light gray, 
compact, and has a glassy texture and high 
purity, and is called a “vaughanite” or “cal- 
cilutyte” by many authors (Butts, 1940, p. 
135). 

The superposition of Mosheim above 
Murfreesboro was established to the satisfaction 
of Ulrich and Butts in the section along Yellow 
Branch, Lee County, Virginia (Ulrich, 1928, 
p. 78). Lenoir succeeds Mosheim ‘in the western 
and eastern belts of the valley in Tennessee, 
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but is absent in the intermediate area (Ulrich, 
1911, p. 413). 

Subsequent use of the terms Mosheim and 
Lenoir was extended through Virginia (Butts, 
1933) and into West Virginia, where Woodward 
(1939, p. 13) describes the Mosheim limestone, 
as thick as 200 feet, and the Lenoir limestone, 
20 to 40 feet thick. 

Ulrich (1939), in a reclassification of the lower 
Middle Ordovician, omits mention of “Stones 
River” (Table 2). The Murfreesboro limestone 
was represented as the basal Middle Ordovician 
formation in both central Tennessee and the 
Appalachians. A hiatus in central Tennessee 
was considered to represent the time during 
which Mosheim through Speers Ferry beds were 
deposited in the Appalachian region. Pierce, 
Ridley, and formations above this hiatus were 
held to be represented in both areas. 

B. N. Cooper and C. E. Prouty (1943) found 
neither the long-accepted classification of Ul- 
rich, nor his later one applicable in Tazewell 
County, southwestern Virginia. They pointed 
out that: (1) Remarkably similar “calcilutytes” 
occur at twohorizons, both mapped as Mosheim 
by Butts. (2) The term Murfreesboro was 
applied by Butts to beds not containing the 
fauna of the type Murfreesboro. (3) The super- 
position of “Mosheim” over “Murfreesboro” 
was established where two virtually identical 
zones of “‘calcilutyte” were present, one above 
and one below beds containing the Murfrees- 
boro fauna. The identification of one or the 
other of these “‘calcilutytes” as ““Mosheim” can- 
not be proved because “...lithologic and 
faunal comparisons with the type Mosheim of 
Tennessee yield little supporting evidence for 
this correlation” (Cooper and Prouty, 1943, p. 
853).? (4) The name Lenoir was applied to beds 
of different ages, largely on the identification of 
Maclurites magnus Lesueur. 

Cooper and Prouty identified 29 faunal and 
lithologic zones divided into 8 formations in the 
lower Middle Ordovician of Tazewell County, 
Virginia. Four “‘calcilutytes” of the “Mosheim” 
type and three coarse-grained limestones of the 
“Lenoir” type were distinguished (Table 2). 

C. E. Prouty extended this work into north- 


*The Mosheim limestone at its type locality 
rests on dolomites of Beekmantown age (Cooper 
and Cooper, 1946). 
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eastern Tennessee, the type locality of the 
Mosheim and Lenoir limestones. No published 
sections giving the detailed stratigraphy at 
Lenoir City or at Mosheim were available, nor 
had faunal lists been published from these lo- 
calities. Prouty gives no conclusions as to the 
classification of the Mosheim limestone at its 
type locality. Concerning the Lenoir, he states: 


“At Lenoir City, Tennessee, the type section of 
the Lenoir limestone, Rostricellula pristina (Ray- 
mond) is found abundantly at the base, forming 
practically a coquina above 0 to 50 feet of Mosheim 
calcilutite. This coquina zone disappears north- 
eastward in Tennessee and Virginia, possibly as a 
result of the overlapping of the basal beds as the 
higher Lenoir beds appear to pass into the Lincoln- 
shire” (Prouty, 1946, p. 1150). 


Since Rostricellula pristina (Raymond) is 
listed with the fauna of the Lincolnshire 
(Sowerbyites beds) (Cooper and Prouty, 1943, 
p. 827) the coquina at Lenoir City was probably 
thought to be lower Lincolnshire, with the 
underlying ““Mosheim” correlated with the Five 
Oaks limestone and a more normal Lincolnshire 
higher in the sequence. 

These two papers proved that the Murfrees- 
boro fauna, the lowest in the middle Tennessee 
Stones River, is found above beds mosi fre- 
quently called “Mosheim” and “Lenoir” by 
Butts and Ulrich in the Appalachian region. 
“Murfreesboro” of Butts is, therefore, not the 
same as the middle Tennessee Murfreesboro. 

Prouty (1946, p. 1183) considered correlation 
with New York type sections impractical be- 
cause of the distance, but he did suggest that 
possibly pre-Gratton beds were Chazyan in age. 

At Lenoir City Cooper and Cooper (1946, 
p. 52) distinguished a lower member, 15 to 25 
feet thick, composed of dolomitic mudrock, with 
a thin shale bed containing Rostricellula pristina 
(Raymond) and intercalated beds of dove cal- 
cilutite. This is overlain by 25 to 45 feet of im- 
pure limestone containing brachiopods. The 
upper part of the section consists of 100 to 125 
feet of dark gray, cherty limestone with 
Maclurites magnus Lesueur. They correlated the 
lowest beds with the Blackford formation of 
southwestern Virginia, but found the upper beds 
without known representatives north of Marion, 
Virginia. These conclusions make it seem certain 
that Butt’s “Lenoir” of the Shenandoah Valley 
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is not the same as the Lenoir limestone of the 


type locality. 


At Mosheim, Tennessee, they found fossils in 
granular limestones overlying the “calcilutites”’ 
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Chambersburg formation in southern Pennsyl- 
vania. 

On paleontologic grounds Cooper and Cooper 
correlated the New Market limestone with the 


TABLE 3.—Cartim, Loyspurc, HATTER, AND BENNER 








. Butts, 1918 
Collie, 1903 1936 


Field, 1919 


Kay, 1944 








Lowville Is. 


Black River ls. 


Carlim Is. 


Beekmantown Is. Bellefonte dol. 








Valentine fm. 


Carlim Is. 


Beekmantown dol. 


fVallentine mem. 
\Valley View mem. 


Stover mem. 
Synder mem. 


Benner if 


Hatter Is.{Grazier mem. 


Hostler mem. 
Eyer mem. 


Clover mem. 
Loysburg fm. 


Bellefonte dol. 








which permitted correlation of type Mosheim 
with type Lenoir (Cooper and Cooper, 1946, p. 
51). 

Cooper and Cooper extended their work 
northward into the Shenandoah Valley, Mary- 
land, and Pennsylvania. In the Shenandoah 
Valley they distinguished the following for- 
mations: 

(1) a lower limestone, typically “‘calcilutite,” 
which they named the New Market limestone, 
“... essentially the same unit identified by 
Butts as Mosheim in most parts of northern 
Virginia” (Cooper and Cooper, 1946, p. 73); 

(2) a dark, granular, cherty limestone, for 
which they proposed the name Whistle Creek 
limestone, that contains fossil genera character- 
istic of the New York Chazy, although the 
Whistle Creek species could not be identified 
with those from New York; 

(3) a higher, dark, granular, cherty limestone 
identified as Lincolnshire limestone, containing 
its characteristic brachiopod assemblage, in- 
cluding Sowerbyites triseptatus (Willard) and 
Dinorthis atavoides Willard; 

(4) the Edinburg formation, proposed for 
strata equivalent to Ward Cove, Peery, Ben- 
bolt, and higher formations of Cooper and 
Prouty, and essentially the same as the 


Chazy limestone of the Lake Champlain area in 
New York. The Whistle Creek, probably,“ .. . 
is younger than the Chazy and older than typi- 
cal Black River (p. 74).” The overlying 
Lincolnshire limestone is thus also younger than 
the Chazy. The Edinburg limestone “ .. . con- 
tains representatives of limestones of Black 
River and possible Trenton age in New York 
and Ontario...” (p. 84), but its precise corre- 
lation must await further study. 


Central Pennsylvania 


Workers in central Pennsylvania did not ad- 
here to the usages of the southern areas. After 
Collie’s undifferentiated use of the term “Stones 
River” in the Bellefonte section, Butts (1918, 
p. 526) named the Carlim limestone with an 
upper (Lemont) member of “middle Chazyan 
or middle Stones River age” (Table 3), which 
he correlated with Lenoir of east, Tennessee, 
Ridley of central Tennessee, and Crown Point 
of the Lake Champlain section. 

Field (1919, p. 423) found that faunally the 
Carlim represents strata equivalent to the 
Pierce, Lebanon, and Carters Creek formations 
of middle Tennessee. He introduced the term 
Loysburg formation (p. 410) for pre-Carlim, 
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post-Beekmantown, dark, impure, dolomitic 
limestones, containing few fossils. Field stated 
that the Beekmantown-Loysburg contact could 
not be found in the sections that he studied. 
Since he classified the Loysburg as “the lowest 
division of the Stones River group,” he prob- 
ably believed that it immediately succeeded the 
Beekmantown. 

Butts (1936) apparently never recognized the 
Loysburg, for his Bellefonte dolomite (of the 
Beekmantown group) is immediately succeeded 
by the Carlim limestone, correlated as in 1918. 

Kay (1944, p. 4) revived the Loysburg and 
included in it the upper, Clover member. Kay 
did not define the lower contact of the 
Loysburg, for he could not differentiate it 
clearly from the underlying Bellefonte dolomite 
(Table 3). Kay completely revised the Carlim: 
in its place he proposed the term Hatter forma- 
tion, with Eyer, Grazier, and Hostler mem- 
bers, of Chazyan age, plus some Loysburg (Kay, 
1944, p. 20). The Benner formation, with 
Snyder and Stover members, of Pamelia age, 
was stated to be younger than Carlim and older 
than Lemont. The Curtin formation included 
the Lemont member of Butts, and Fields’ Val- 
entine formation. 


Maryland and Southern Pennsylvania 


In the most extensive treatment of the beds 
here considered, Bassler, in 1919, applied his 
subdivisions of the “Shenandoah” limestone to 
Maryland and recognized the “Stones River” 
limestone. He divided the ‘‘Stones River” into 
Lower, Middle, and Upper divisions. 

The Lower division, he said, was about 600 
feet thick, characterized by “... thin-bedded, 
pure, dove limestone, interbedded, especially 
toward the base, with magnesian layers” 
(p. 123). No well-exposed section of this part 
of the formation was known in Maryland, but 
he cited a section west of Martinsburg, West 
Virginia, 675 feet thick, as an example of it. He 
mentioned exposures east of the Martinsburg 
shale belt in Maryland and bordering Pennsyl- 
vania as characteristic of the division. 

A cauliflower chert zone was said to mark the 
base of the formation. Stose (1909) mapped a 
chert zone about 800 feet above the base of the 
Beekmantown in the Mercersburg quadrangle 
and also recognized a chert zone containing 


aggregates resembling cauliflower heads at or 
near the top of the Beekmantown. 

Only traces of the lower “Stones River” fauna 
were found in Maryland, but Ulrich was said to 
have discovered a fauna of 12 forms in the 
lower part of the section at Martinsburg. This 
fauna, however, did not contain species suffi- 
ciently diagnostic to warrant correlation with 
other areas. 

Middle “Stones River’’, according to Bassler 
(1919, p. 124), contains “massive beds of dark, 
subgranular limestone interbedded with the 
more typical dove-colored, fine-grained, pure 
limestone.” It was said to be readily distin- 
guishable from the lower part. These beds con- 
tain the Maclurites magnus fauna. No localities 
were given where this formation might be ob- 
served in Maryland, although a fauna of nine 
species identified by Ulrich from the Chambers- 
burg area were listed. This list included charac- 
teristic middle Chazy forms and Tetradium 
syringoporoides Ulrich. The beds were correlated 
with the middle Chazy limestone of New York 
and the Lenoir limestone of eastern Tennessee. 

Upper “Stones River” was said to contain 
pure, light-colored limestones, such as those 
exposed in the quarries at Pinesburg Station, 
Maryland, in considerable thickness. Only Tet- 
radium syringoporoides Ulrich was reported 
from these beds. 

The following composite section was given 
for the Stones River group in Maryland 
(p. 120): 


Nodular, argillaceous strata of the Chambers- 
burg limestone 


3. Massive and thin-bedded, fine-grained, 
pure, dove-colored limestone............ 300+ 
2. Massive pure limestone, blue to dark 
gray in color, compact, granular and 
Solitic, on weathering leaves black, blocky 
chert; contains the Maclurites magnus 


os 


. Massive and thin-bedded, pure, dove lime- 
stone in the lower part interbedded with 
magnesian layers 600+ 


Light-gray, finely laminated magnesian 
limestone of Beekmantown age, with cau- 
liflower chert at top 


According to Bassler (1919, p. 126) Stones 
River rocks crop out in Maryland in five belts, 
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three east of the shale belt and two west of it. 
These belts “yielded few fossils and their bound- 
aries were in most cases determined by the 
cauliflower chert zone.” 

Cooper and Cooper (1946), in extending their 





be established, the post-Chazy age of the Lincoln- 
shire... will be positively affirmed” (Cooper and 
Cooper, 1946, p. 78). 

The section at Marion, Pennsylvania, men- 
tioned frequently in the literature, is the only 
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FicurE 2.—CORRELATION OF PosTt-BEEKMANTOWN, PRE-CHAMBERSBURG LIMESTONES SOUTHERN 


PENNSYLVANIA, 


MARYLAND, WEST VIRGINIA, AND NORTHERN VIRGINIA 


After Cooper and Cooper (1946, Fig. 3, p. 70) 


work on the lower Middle Ordovician to the 
type locality of the Chambersburg limestone, 
southwest of Marion, Pennsylvania, described 
a section measured along U. S. Highway 40 at 
Wilson, Maryland, and gave a correlation chart 
for the region from Marion to northernmost 
Virginia through Wilson and Pinesburg Station, 
Maryland. This chart, somewhat simplified, is 
here reproduced as Figure 2. The lower, thick- 
bedded limestones were assigned to the Tet- 
radium syringoporoides-bearing New Market 
limestone of Virginia. The upper, more thinly 
bedded, somewhat magnesian beds were said 
to contain “Tetradium cellulosum and other 
post-Chazyan fossils (p. 70),” and to occupy 
the same position between the New Market and 
the lower Echinosphaerites zone as the Dinorthis- 
Sowerbyites-bearing Lincolnshire limestone of 
Virginia. 

“If a definite correlation of the Lincolnshire 
limestone and the Tetradium cellulosum beds can 





locality in the Mercersburg-Chambersburg area 
where a complete, and probably unfaulted, sec- 
tion of the Chambersburg and the “Stones 
River” beds occurs. The type section of the 
Chambersburg limestone (Stose, 1909, p. 8) is 
along the South Branch of the Cumberland 
Valley Division of the Pennsylvania Railroad, 
1.2 miles S. 65° W. of Marion, and 1.6 miles 
N. 70° W. of Kauffman. A section of scattered 
outcrops of the post-Beekmantown, pre-Cham- 
bersburg beds with lower and upper contacts 
exposed was found by Cooper and Cooper along 
the banks of the stream immediately north of 
the railroad at this point (Fig. 6). 

Ulrich (in Stose, 1909, p. 8) in the same area 
found about 150 feet of “grayish to dark, dense 
thin-bedded limestone,” below the argillaceous, 
cobbly beds of the Chambersburg. He listed a 
faunule of 10 species; all but Tetradium 
cellulosum he said, correlated these beds with 
the Lowville of New York! Below these sup- 
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posed Lowville equivalents Stose observed 220 
feet of upper “Stones River” well exposed in 
the railroad cut. Good fossils were not reported 
in this portion of the formation, and correlation 
with other areas was not made. 

Ulrich (in Cushing, 1910, p. 79) saw in the 
Chambersburg region “a 200 foot thickness of 
limestone with an upper Chazy fauna separating 
the Pamelia horizon from the Lowville.” 

Butts (1940, p. 195) emended the Chambers- 
burg limestone by placing the supposed ‘‘Low- 
ville” equivalents in a separate formation to 
which he applied the New York name. 

Cooper and Cooper (1946, p. 53) found the 
so-called “Lowville” of Butts indistinguishable 
lithologically and faunally from the underlying 
“Upper Stones River.”’ Beds similar to these 
were recognized by them in their Maryland 
sections. 

The “Middle Stones River” at the Marion 
section contains the middle Chazy fauna listed 
by Ulrich (in Stose, 1909, p. 8). Re-examination 
(Cooper and Cooper, 1946, p. 70) of this faunule 
discloses, in addition to Maclurites magnus, 
brachiopods that suggested correlation with the 
Whistle Creek limestone of Virginia. Cooper 
and Cooper called this the Hesperorthis zone. 

They were unable to recognize equivalents of 
the Hesperorthis beds in Maryland (1946, p. 70) 
and suggested that it was replaced by dove 
limestones between Wilson, Maryland, and the 
Lexington-Staunton region of Virginia. They 
also suggested that the Tetradium cellulosum 
beds wedge out somewhere between Pinesburg 
Station and Martinsburg, West Virginia (Fig. 
2. 

Swartz (1948, p. 1568, Fig. 22) recognized in 
Maryland a “limestone maximum,” and in his 
preliminary isopachous map showed a thickness 
of more than 1000 feet of Chazyan deposits in 
the State. He considered “Stones River” synon- 
omous with Chazyan deposits in this area. 

In summary, these papers dealing with the 
lowest Middle Ordovician beds of Maryland 
have resulted in the publication of only two 
sections within the State (Cooper and Cooper 
1946). Faunal evidence for the age of these 
beds was inferred from determinations made 
from other sections outside the State. All 
authors agree that Middle Chazy is represented 
in the Maclurites magnus or Hesperorthis beds 
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in southern Pennsylvania. Until the present 
study, these had not been positively identified 
in Maryland. The beds above and below this 
zone yielded little, or only contradictory, in. 
formation. The lower beds have received little 
attention. The upper beds at Marion were said 
by Ulrich to contain Tetradium cellulosum 
(Hall), while beds stated to be their equivalent 
in Maryland by Cooper and Cooper were said 
by Bassler to contain Tetradium syringoporoides 
Ulrich. 


LirHoLtocic TERMINOLOGY 
General Statement 


All the rocks investigated are calcareous sedi- 
ments, varying in proportion of calcium and 
magnesium carbonates, and with other material 
in minor amounts. No chemical analyses were 
made; thin sections, prepared primarily for 
paleontologic use, furnished some petrographic 
information. 

A very simple classification is used in order 
to permit the field geologist to observe easily 
the points discussed. 


Dolomite 


The term dolomite seems preferable to the 
recently proposed “dolostone” (Shrock, 1948, 
p. 129) since it has been used for more than a 
century with little or no confusion. Dolomite 
as a rock name has precedence over its use as 
a mineral name (Van Tuyl, 1914, p. 257). 

Published analyses show no beds in the 
Lower or Middle Ordovician of this area with 
46 per cent magnesium carbonate, the theo- 
retical composition of pure dolomite. The upper 
Beekmantown at Winchester, Virginia, averages 
40 per cent magnesium carbonate (Edmundson, 
1945, p. 37), and six West Virginia samples 
average 39 per cent magnesium carbonate 
(Grimsley, 1916a, p. 386). The beds average 
about a foot thick, are nonlaminated to finely 
laminated, and have a pronounced sugary tex- 
ture. They range from dark, purplish gray to 
nearly white. The cross-hatched, yellow, chalky 
weathered surface on bedding planes or edges 
of beds is characteristic. The rock does not 
effervesce in cold, dilute, hydrochloric acid, but 
the calcite stringers that fill fractures and cause 
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the cross-hatching do. Dolomite is noticeably as 3 feet of limestone may be found without 
tougher to break with a hammer than adjacent 


limestones. 


Dolomitic Limestones 


No chemical analysis® from within the post- 
Beekmantown, pre-Chambersburg _ interval 
shows more than 30 per cent magnesium car- 
bonate. The weathered surface, characteristic 
of the more highly magnesian strata, is present 
in some beds, however, and these effervesce 
either weakly or not at all in hydrochloric acid. 
Chemical criteria indicate that, although these 
do not approach true dolomite, other character- 
istics associated with dolomite are present so 
they are called dolomitic limestones. 


“ Limestone 


Both granular and aphanitic limestones are 
present in the geologic sections examined. Suit- 
able adjectives are available for a satisfactory 
description of the granular beds, and no general 
inclusive name is required for their designation. 

The aphanitic beds, on the other hand, have 
received various names. E. M. Kindle (1923, 
p. 370) proposed the term “vaughanite” for 
fine-textured, sublithographic limestones, fre- 
quently mud-cracked, that broke with a con- 
choidal fracture. It has been used in this sense 
by many authors (e.g. Butts, 1940, p. 136). 

The term “calcilutyte” (also spelled “‘cal- 
cilutite”) was coined by Grabau (1913) and 
fully defined by him (1920, p. 581) as follows: 


“Lime mud-rocks (Calcilutites).—These are com- 
mon around coral reefs and many old limestones 
are of this character, having been formed from lime 
flour, generally deposited in the sea or near its 
border. Sometimes such rocks show mud cracks, 
ripple marks and other structures. When alumina 
and silica are present a water lime or natural cement 
rock is produced.” 


Grabau’s “lutytes” were defined as being de- 
rived from fine clastics (Grabau, 1913, p. 285), 
but evidence for a clastic origin of many of 
the beds herein considered is lacking. As much 


* Thirty-nine chemical analyses from eight lo- 
Calities in West Virginia and Maryland were gen- 
wad, furnished by Professor Joseph T. Singe- 

» JT. 


any lamination, which suggests the possibility of 
a chemical origin for at least some of the de- 
posits. “‘Calcilutite” as applied by authors to the 
Mosheim, Five Oaks, and other units is, there- 
fore, considered inadvisable, and the nongenetic 
term ‘“‘vaughanite” is used in this report. 

Crystalline calcite specks in vaughanite are 
generally ascribed to replacements and fillings 
of coral tubes. In thin section many such specks 
prove to be independent of corals and without 
apparent organic affinities. They are irregular in 
shape and size, ranging from 0.5 to 10 mm. in 
average diameter. Calcite specks due to coral- 
tube replacement retain the general shape and 
size of the organism replaced. In most thin sec- 
tions unreplaced or partially replaced remnants 
of the organism remain if the specks are due to 
this cause. 


DISTRIBUTION OF OUTCROPS 


The areal distribution of the St. Paul group 
is shown in Plates 1 and 3. The outcrop belts in 
Virginia and West Virginia are shown as they 
were mapped by previous workers (Edmundson, 
1945; Grimsley, 1916); those in Maryland are 
the writer’s observations. 

Three outcrop belts of “Stones River” were 
mapped east of the eastern flank of the Massa- 
nutten syncline in Maryland (Bassler, 1919; 
Cloos, 1941). These appear to be a southern 
extension of the easternmost belts mapped in 
the Chambersburg quadrangle (Stose, 1909) in 
the vicinity of Kauffman, Browns Mills, Green- 
castle, and Milnor. Examination of the section 
exposed east and west of the railroad underpass 
at Kauffman revealed that most of the section 
included in the “Stones River” should be re- 
ferred to the Beekmantown group. Observa- 
tions at other localities in these belts revealed 
no Middle Ordovician rocks. 

Bassler’s (1919) identification of “Stones 
River” east of the syncline was based on 
cauliflower cherts, soil cover, and the presence 
or absence of cedar trees. Lithologic and faunal 
evidence, however, requires that these areas be 
included with the Beekmantown. Thus it is 
believed that the fault recognized by Stose 
(1909) in the Chambersburg quadrangle, pass- 
ing through Kauffman and Greencastle, con- 
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tinues southward into Maryland with sufficient 
displacement to lift the eastern, allochthonous, 
block high enough so that no infolded remnants 
of the St. Paul group remain in it. 


STRATIGRAPHY 
Lower Ordovician, Beekmantown Group 


Collie (1903) and Bassler (1905; 1919) recog- 
nized a great thickness of limestone and dolo- 
mite of Beekmantown age in Pennsylvania and 
Maryland respectively. Study of the Beekman- 
town group was incidental to the present in- 
vestigations, although silicified fossils were col- 
lected from it. A section exposing more than 
2500 feet of this group extends westward from 
Pinesburg Station along the north bank of the 
abandoned Chesapeake and Ohio Canal; from 
its lower part Finkelnburgia, Tritoechia, and 
Diaphelasma were collected (Neuman, manu- 
script in files of Maryland Geological Survey). 
The upper 380 feet of Beekmantown is here 
exclusively siliceous dolomite. 

The dolomites are unfossiliferous. Workers in 
southern areas (Woodward, 1939; Edmundson, 
1945; Cooper and Cooper, 1946) all assign these 
beds to the Beekmantown and seem to be in 
accord in locating the top in most places. 

In this study the top of the Beekmantown is 
placed at the contact of the thick dolomite 
with limestone since rock types above and below 
this line are usually distinctive and easily 
mapped, although at some localities dolomite 
seems to be gradational into limestone. This 
gradation is discussed in connection with the 
Row Park limestone below. 

The cauliflower chert zone, referred to by 
Stose (1909) and Bassler (1919) as the top of 
the Beekmantown formation, does not appear 
in any of the Middle Ordovician sections meas- 
ured. Chert zones are found at several horizons 
within the Beekmantown, but the lithology 
above these zones is indistinguishable from that 
below. 


Middle Ordovician, St. Paul Group 


The term St. Paul group is introduced as a 
substitute for “Stones River” group as mapped 
through West Virginia, Maryland, and the 
Mercersburg-Chambersburg quadrangles in 
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Pennsylvania. The need for such a substitution 
has been apparent since Cooper and Prouty 
(1943) demonstrated that central Tennessee 
Stones River was definitely younger than Ap. 
palachian “Stones River’. 

The St. Paul group as proposed is bounded 
above by the Chambersburg limestone, or by 
the Lincolnshire where it is present, and is 
underlain by the Beekmantown group. The 
name is taken from St. Paul’s Church, Mary- 
land, at the intersection of U. S. Highway 40 
and Maryland Highway 57, 2.2 miles west of 
Clear Spring, and 9 miles west of the center of 
Hagerstown. The type section (Geologic section 
23), in pastures on the Boward farm 500 yards 
southwest of the new church building, contains 
Row Park and New Market limestones, totaling 
485 feet. South of Bessemer, West Virginia, the 
group contains only the New Market limestone, 
but north of that point both formations are 
represented (Pl. 2). Northeastward thickening 
has been observed; Plate 4 illustrates this 
thickening and accompanying facies changes in 
the Row Park 

Inasmuch as considerable geologic mapping 
requires large stratigraphic units it is considered 
advisable to retain a term equivalent to the 
widely used “Stones River,” recognizing that 
the constituent formations of the group are 
available for detailed work. 

Row Park limestone—The name Row Park 
limestone is proposed for beds forming the lower 
formation of the St. Payl group. Its type sec- 
tion is in pastures 0.2 mile northwest of Row 
Park, Maryland, half a mile N. 15° E. from a 
less well exposed section on the same belt of out- 
crop along U. S. Highway 40, described by 
Cooper and Cooper (1946, p. 50). (See also this 
paper, Geologic section 20.) The same outcrop 
belt can be traced southward to a completely 
exposed section in the Pinesburg Station quarry 
(Geologic section 16). The section at Row Park 
is chosen as typical because fossiliferous beds 
there permit interpretation of the time-strati- 
graphic relationships of the formation. 

Lithologically the typical Row Park contains 
four limestone types: (1) calcarenite, formed of 
pebbles and sand of limestone and dolomitic 
limestone or dolomite in a very light crystalline 
matrix; (2) dove vaughanite, usually containing 
some white, crystalline calcite; (3) granular 
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limestone that varies in color from almost white 
to dark gray, and (4) dolomitic limestone. 

The Row Park is 162 feet thick at its type 
| section, about 150 feet north of a lane (Fig. 3). 


GeroLocic SEcTION 21 


Type section of the Row Park limestone 0.2 mile 
northwest of Row Park, Maryland 


Thickness 
feet 


Unit Description 
New Market limestone; gray, fine- 
grained limestone and vaughanite, 
with beds of dolomitic limestone 
interbedded; at least 250 feet thick 

(Row Park limestone, 162 feet) 
9. Dove vaughanite, thick-bedded. .. 
8. Gray, fine-grained, dolomitic lime- 


7. Dove vaughanite, thick-bedded 
specks and larger irregular masses 
of crystalline calcite up to 1.5 
inches in average diameter 

. Gray, medium-grained, sugary, dol- 
omitic limestone; weathers brown.. 

. Dove vaughanite with some crys- 
talline calcite; sections of un- 
identified gastropods 

. Gray, sugary, dolomitic limestone. 

. Light-gray calcarenite; Maclurites 
magnus Lesueur, leperditiid ostra- 
cods and rhinidictyaid bryozoans. . 
Light-gray, sugary, dolomitic lime- 


calcarenite 

rounded pebbles of limestone and 
dolomite 0.1 to 1.5 inches in diame- 
ter; Rostricellula pristina (Ray- 
mond) and Camerella cf. C. varians 
Billings. Southward 25 ft it thins 
to extinction 

Beekmantown, dolomite member; 
gray and dark gray, sugary and 
fine-grained dolomite without lime- 
stone intercalations; best exposed 
in pasture south of the lane; at 
least 150 feet exposed. 


Beyond the line of the traverse additional 
fossiliferous beds were found (Fig. 3). Just north 
of the lane, on the southern slope of a precipi- 
tous sink hole, additional specimens of Rostri- 
cellula were found with abundant ostracods in 
the basal bed. About 50 feet north of the trav- 
P al bed of calcarenite is crowded with 
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Mimella cf. M. vulgaris (Raymond). This bed 

averages about 2 feet thick and extends north- 
eastward for almost 150 feet. The middle 
portion of unit 5 in Section 21 is the probable 
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Northwest of Row Park, Maryland. 


equivalent of this bed. About 200 feet south of 
the lane, and apparently equivalent to the 
upper portion of unit 9 of approximately 4 feet 
of very light-gray, granular limestone contains 
abundant Maclurites magnus Lesueur and, less 
frequently, “Camerella”’ longirostris Billings and 
Dactylogonia cf. D. incrassata (Hall). 

The lower limit of the Row Park is set at its 
contact with the siliceous dolomites of the 
Beekmantown, although this contact is variable 
or gradational. The meaning of this contact is 
not clear. 

In general throughout the area the Row Park 
contains two principal limestone types: 
vaughanite, which forms the greatest thickness 
of the formation in western belts, and granular 
limestone, which dominates in the eastern belt. 
The vaughanite is generally thickly bedded and 
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nonlaminated and contains crystalline calcite 
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within the vaughanite, as do darker, more 
granular and sometimes dolomitic limestones in 
other sections. Row Park vaughanites are dis- 
tinguishable from the overlying lower New 
Market vaughanites by the occurrence of lami- 
nations in the latter, but the vaughanites of the 
upper New Market, massive and nonlaminated, 
are virtually indistinguishable lithologically 
from those of the Row Park formation. 
Chemical analyses indicate a slightly larger 
magnesian content in the Row Park vaughan- 
ites than in those of the New Market limestone. 
The percentage difference, though small, is of 
commercial importance; upper New Market 
vaughanite is quarried extensively for fluxing 
stone, but the Row Park limestone rarely is. 
The granular limestones in the Row Park are 
generally dark gray, and in the eastern outcrop 
belt contain lenticular nodules of black chert. 
Lighter-colored granular limestone is found 
with the vaughanites of western belts where 
they contain fossils in many places. Because of 
the intimate association of the two rock types, 
the vaughanite and the granular limestone are 





Vaughanitic and granular limestones that 
contain a characteristic fauna form a wedge 
above the Beekmantown group and below the 
New Market limestone beginning at Bessemer, 
West Virginia, and expanding northward 
through Maryland into Pennsylvania. South of 
the Potomac River it comprises 30 to 85 feet of 
dark-gray limestone interbedded with dove 
vaughanite (Geologic sections 13, 14, 15; Pl. 2). 
Maclurites magnus Lesueur occurs in both types 
of rock. Thickening continues north of the 
Potomac, and the formation becomes domi- 
nantly vaughanite in its western outcrop belts 
in Maryland; eastern exposures in Maryland 


and both outcrop belts just north of the Mary- 


land boundary contain significant amounts of 
dark, granular frequently cherty limestone. 
The section exposed in the Pinesburg Station 





quarry (Geologic section 16) reveals some of the 
notable features of the Row Park limestone. At 
its base, along the o’d Chesapeake and Ohio 
Canal, vaughanite rests on dolomite. Trace § 
up-dip the dolomite seems to rise into the hor 
zon of the vaughanite. Small structures such ff 
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calcite flecks in the vaughanite are gradually 
obliterated as the dolomite gains dominance. 
Replacement of vaughanite by dolomite seems 
here to have taken place through not more than 
a 5-foot stratigraphic interval. 

Seventy feet of vaughanite forms the lower 
part of the section; it contains Lophospira sp. 
and, in its uppermost 5 feet, Maclurites magnus 
Lesueur. Gray, granular limestone 27 feet thick 
overlies the vaughanite; it contains excellently 
preserved Maclurites magnus (PI. 7, fig. 20) and 
Multicostella sp., Dactylogonia cf. D. incrassata 
(Hall), and “Camerella” longirostris Billings. 
Eighteen feet of unlaminated, calcite-flecked, 
barren vaughanite forms the top of the forma- 
tion. The base of the overlying New Market 
limestone is marked by the appearance of 
laminae in the vaughanite beds. 

Granular limestones form an even smaller 
part of the Row Park northward on the western 
side of the Martinsburg shale belt (Massanutten 
syncline) in Maryland. At Wilson, Maryland, in 
exposures along U. S. Highway 40 (Cooper and 
Cooper, 1946, p. 50 and this paper, Geologic 
Section 20), only vaughanites are exposed. Here 
also, however, Maclurites magnus is contained 
at the top of the sequence. 

Geologic section 21, 0.2 mile northwest of 
Row Park, Maryland, 1 mile N. 10° E. from the 
U.S. Highway 40 section, is designated typical 
of the Row Park limestone because of the 
presence there of fossiliferous outcrops which 
permit interpretation of the formation. At 
Hicksville and Shady Bower corroborative sec- 
tions occur (Geologic sections 22, 23). The 
formation in these sections, and northeastward 
in the same belt from Shady Bower, is prin- 
cipally vaughanite. Northeasterly thickening 
is marked. 

At the Duffy farm (Geologic section 25) the 
lower 50 feet of Row Park limestone contains 
some dolomitic limestone, dark, fine-grained 
limestone, and calcarenite. Rostricellula pristina 
(Raymond) occurs in abundance in the cal- 
carenite, associated with Nicholsonella sp. The 
dark limestone contains the following fossils: 


Ptychopleurella sp. 

Multicostella sp. 

Dactylogonia cf. D. incrassata (Hall) 
Rostricellula pristina (Raymond) 
Nicholsonella sp. 





North of a cross fault (Pl. 3) the Row Park 
continues to thicken (Geologic section 26) and 
in the same outcrop belt reaches the maximum 
thickness measured 3 miles north of the Mary- 
land-Pennsylvania boundary, 1 mile northeast 
of Welsh Run, Pennsylvania (Geologic section 
27B). The basal portion of this section contains 
50 feet of interbedded limestone and dolomitic 
limestone. One limestone bed here passes lat- 
erally into dolomitic limestone with gradual 
obliteration of the delicate structures of the 
limestone. This variable unit is succeeded by 
60 feet of barren vaughanite. Dark-gray, gran- 
ular limestone, 445 feet thick, forms most of 
this section. This sequence is cherty in its 
lower part and also contains several beds of 
massive, dove vaughanite. Maclurites magnus 
Lesueur, Camerella sp., and Hesperorthis sp. 
were identified here. 

In the road cut that exposes the highest beds 
of this section (Fig. 5), 115 feet of mottled- 
weathering limestone overlies the highest 
Maclurites-bearing bed. This is overlain by 20 
feet of dark-gray, granular limestone, slightly 
cros3-bedded, containing a few well-rounded 
sand grains. A brachiopod, questionably re- 
ferred to Rostricellula plena (Hall) ?, occurs in 
these beds. 

On the eastern limb of the Massanutten 
syncline the most southerly section of the Row 
Park limestone was measured at Sylvan Grove, 
Maryland (Pl. 3). Fifty feet of vaughanite is 
here overlain by 140 feet of dark, granular, 
cherty limestone containing Maclurites magnus 
Lesueur and a small calcareous alga referred to 
Girvanella sp. This dark, granular limestone 
overlying vaughanite is the sequence in the 
Row Park limestone at all sections on the east- 
ern limb. The complete sequence is fairly well 
exposed at the section 1.2 miles S. 65° W. of 
Marion, Pennsylvania (Cooper and Cooper, 
1946, their Geologic section 4; this paper Geo- 
logic section 30 and Fig. 6). Here the Row Park 
limestone measured 545 feet thick, with a basal 
50 feet of thick-bedded vaughanite overlain by 
dark-gray, fine- to coarse-grained, frequently 
cherty limestone. The lower 215 feet of dark 
beds contains abundant Maclurites magnus 
Lesueur and, more rarely, “Camerella’’ longi- 
rostris Billings. From the upper 280 feet Cooper 
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and Cooper (1946, p. 49) reported the following 
brachiopods: 


Camerella sp. 

Opikina sp. 

Mimella sp. 

Hes perorthis sp. 

Multicostella saffordi (Hall and Clarke) 
“a small Sowerbyella”’. 


Cooper and Cooper (1946, p. 49) gave 354 
feet as the thickness for these dark-gray lime- 
stones above the Macluriies zone (their units 
6-9). The present study indicates that this 
figure is approximately 75 feet too large, prob- 
ably due to the inclusion of dark-gray, fine- 
grained, cherty limestones containing ‘‘Fletch- 
eria”’ sinclairi Okulitch, that are here in- 
cluded in the New Market limestone. Chert, 
heretofore thought to be restricted to beds here 
termed Row Park limestone, also occurs in the 
lower part of the New Market limestone at 
Welsh Run and elsewhere east of the Massa- 
nutten syncline. Assignment of these cherty beds 
to the lower New Market is therefore consis- 
tent with other observations. 

One mile northeast of this complete section 
an exposure, somewhat complicated by faulting, 
yielded excellently silicified fossils from the dark 
granular portion of the Row Park limestone 
(Geologic section 31). The forms identified 
are: 


Mimella cf. M. vulgaris (Raymond) 
Hesperorthis sp. 

Ptychopleurella sp. 

Camerella plicata Schuchert and Cooper 
““Camerella”’ longirosiris Billings 
Dactylogonia cf. D. incrassata (Hall) 
Lonchodomas sp. 


Granular limestones are more clearly set 
apart from the vaughanites in the eastern out- 
crop belt than in the western belts. The unit as 
a whole, however, contains the same lithologic 
types, occupies the same stratigraphic position, 
and contains the same faunal elements on both 
sides of the syncline. Little doubt exists, there- 
fore, of the correlation of the formation between 
outcrop belts. 

Row Park (?) limestone—South of the ob- 
served wedge of Row Park limestone, at a 
section along Duncan Run (Geologic section 
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10) a thin bed of calcarenite and a gray, fine. | 
grained limestone are interbedded with dolo- 
mite below strata confidently identified as New 
Market limestone. No fossils were collected 
from these lower limestones, but the calcarenite 
is lithologically identical with the Row Park 
calcarenites at Row Park, Duffy’s farm, and 
elsewhere in Maryland. The gray limestone has 
no counterpart elsewhere. Since these beds 
occur at the base of the section, apparently 
interbedded with dolomite, and the lithology 
of the calcarenite is known elsewhere only from 
the Row Park formation, there is a possibility 
that they are of Row Park age. 

Summary.—Vaughanites and granular lime- 
stones form a unit ranging in thickness from 
30 to 680 feet extending from Bessemer, West 
Virginia, through Maryland into southernmost 
Pennsylvania; its northern limits were not 
ascertained. The granular limestones, charac- 
terized by Maclurites magnus Lesueur and a 
brachiopod faunule, are best developed in the 
outcrop belt on the eastern limb of the Massa- 
nutten syncline. Here they overlie a relatively 
unfossiliferous sequence of thick-bedded, dove 
vaughanites; granular limestones bearing like 
faunal elements are interbedded with dove 
vaughanites in exposures west of the Massa- 
nutten syncline, and Maclurites magnus occurs 
in both lithologic types. Thus the granular 
limestone and the dove vaughanite appear to be 
contemporaneous facies. Both rock types are 
included here in the Row Park limestone. The 
granular limestone is dominant to the south, 
east, and north of the western exposures in 
Maryland where the formation is almost ex- 
clusively vaughanite. (Pls. 2, 4). Although the 
sedimentary significance of these limestone 
types is not known, this distribution suggests 
that the granular beds are peripheral to an area 
of vaughanite sedimentation. 

Contact with the Beekmantown.—The base of 
the Row Park limestone cannot be traced along 
a line that corresponds exactly to a bedding 
plane in either the underlying Beekmantown 
dolomite or to one within itself. Beds or lenses 
of dolomitic limestone are interbedded with 
nonmagnesian limestone through a zone up t0 
50 feet thick. The thickest variable zone corre 
sponds with the thickest Row Park section, and 
this zone thins as the formation thins to the 
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south. Where the Row Park is thickest, south- 
west of Marion (Geologic section 30), and at 
Welsh Run, Pennsylvania (Geologic section 
27B), limestones are interbedded with the 


283 


Cooper (1946, p. 90) cited the following points 
that suggested a disconformity: (1) general 
absence of typical Chazy equivalents above 
the Beekmantown; (2) variable thickness of 
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Beekmantown dolomite 40 to 50 feet below the 
stratum thought to represent the base of the 
Row Park limestone. 

Detailed information of the Beekmantown of 
this area will be required to explain some of 
these features. It is not known whether the 
Beekmantown as a whole thins as the Row 
Park thickens, or if its upper dolomite member 
passes laterally into a partially nonmagnesian 
facies. Butts (1940, p. 103) notes lateral varia- 
tion of Beekmantown lithology in Virginia. 

If post-Beekmantown, pre-Row Park erosion 
produced relief as great as 300 feet, some of the 
increasing thickness of the Row Park might be 
explained. Such an erosion surface has been 
cited by several authors. B. N. Cooper (1944, 
Pp. 33) recognized a major disconformity during 
which cliffs and overhanging ledges of Beekman- 
town dolomite were formed. Cooper and 


the lowest post-Beekmantown formation; and 
(3) presence of conglomeratic beds in the 
lowest post-Beekmantown formation at many 
localities. Butts (1948, p. 22) considered the 
absence of the Buffalo River group of the 
Mississippi Valley from the Appalachian 
sequence represented a hiatus between the 
Beekmantown and the “Stones River.”Earlier 
he (Butts, 1940, p. 119) stated that at places 
the Beekmantown-“Stones River” deposition 
was “...continuous or but slightly inter- 
rupted.” 

All the irregularities at the Beekmantown- 
Row Park contact are not due to relief on an 
eroded surface or to intertonguing. Inasmuch 
as in this study this contact is placed at the 
dolomite-limestone contact variability of lithol- 
ogies produces irregularities. The irregular 
dolomitic masses at St. Paul’s Church and 
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elsewhere, the stratigraphic instability of 
limestone or dolomite at Welsh Run (Unit 4 of 
Geologic sectiun 27), and the preservation of 
small structures typical of limestone in some 
dolomitic beds all indicate some dolomitization 
of limestone within the lower beds of the Row 
Park limestone. This alteration may, in part, 
be due to post-depositional activity, either 
diagenetic or later. The processes that brought 
about this alteration have not been thoroughly 
investigated, but ground water may have 
permitted the transfer of some magnesium 
from the Beekmantown dolomites into the 
limestones. 

If later investigations show that the highest 
Beekmantown beds have not been removed by 
post-Beekmantown erosion, the interbedded 
dolomites and limestones at the base of the Row 
Park might prove to represent a truly tran- 
sitional contact. However, there is no con- 
vincing explanation now for the vagueness of 
this contact. 

Contact with the New Market.—The top of 
the Row Park limestone appears to be con- 
formable with the overlying New Market 
limestone. The principal faunal elements of 
the Row Park have not been recognized in the 
New Market limestone, although vaughanites 
of the two formations are much alike. Where 
the dark, granular limestones are in contact 
with the New Market vaughanites, as at 
Sylvan Grove (Geologic section 28), the two 
formations are easily distinguished. Row Park 
vaughanites are distinguished from the lower 
New Market vaughanites by fine laminae, 
coarse laminae, or striping in the latter. Upper 
New Market vaughanites are lithologically 
indistinguishable from those of the Row Park 
limestone, but the New Market contains corals. 

Fauna.—Although fossils are not abundant 
in the Row Park limestone, 15 genera are re- 
ccgnized. Since this paper aims to demonstrate 
the stratigraphic relationships of the beds, the 
fcssils have been examined for their value in 
correlation. Thus the brachiopods are more 
thoroughly treated than the bryozoans and 
ostracods. 

The faunal list is accompanied by brief 
discussions and illustrations of some of the 
forms. It is an annotated faunal list rather than 
a systematic discussion of the paleontology. 
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Fossils from the Row Park limestone: 


Girvanella sp. 

Beatricia sp. (PI. 7, fig. 24) 

Cystid fragments 

Nicholsonella sp. 

Unidentified bryozoans (at least 4 genera) 

Hesperorthis sp. (Pl. 7, figs. 1-5) 

Ptychopleurella sp. (Pl. 7, fig. 15) 

Multicostella sp. 

Mimella cf. M. vulgaris (Raymond) (Pl. 7, 
figs. 6-10) <l 

Camerella plicata (Schuchert and Cooper) 
(Pl. 7, figs. 11-14) 

Camerella cf. C. varians Billings (Pl. 7, figs, 
16-17) 

“Camerella” longirosiris Billings (Pl. 7, figs, 
25-26) 

Rostricellula pristina (Raymond) (PI. 7, fig. 18) 

Rostricellula plena (Hall) ? (Pl. 7, fig. 19) 

Dactylogonia cf. D. incrassata (Hall) (Pl, 7, 
figs. 21-23) 

Bucania sp. 

Lophospira sp. 

Madclurites magnus Lesueur (Pl. 7, fig. 20) 

Lonchodomas sp. 

Tsotelus sp. 

Ostracods 


Genus Hesperorthis Schuchert and Cooper, 1931 
Hesperorthis sp. 


(Plate 7, figures 1-5) 


Hesperorthis from the Row Park limestone is 
known from excellently silicified material. Adults 
average 12 mm. in maximum width slightly anterior 
to hinge, and about 10 mm. in length. Average of 
32 strong, broad, subangular costae on each valve. 
Seen from interior, interspaces marked by low 
median depressions which extend for short distance 
posteriorly. Neither delthyrium nor notothyrium 
possesses modifying plates in these specimens. 

The generic description of Hesperorthis (Schuchert 
and Cooper, 1932, p. 85-87) includes the characters 
of this species except for the lack of a deltidium. 
Specific comparison is best with H. ignicula (Ray- 
mond) from the Valcour limestone with respect to 
shape, size, and pattern of ornamentation; this 
species also lacks a deltidium (Raymond, 1911, 
p. 236). Costae of the Row Park Hesperorthis, 
however, are notably broader and more angular 
than those of H. ignicula. 

Hesperorthis is an important element in correla 
tion of the Row Park limestone. Comparable speci- 
mens have been seen from the Lenoir limestone of 
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COLUMNAR SECTIONS OF THE ST PAUL GROUP 


IN MARYLAND AND SOUTHERN PENNSYLVANIA 
COMPOSITE SECTION FOSSIL SYMBOLS 


Tetradum syringoporoides 
| New Market limestone 
Prismosiylus moryloendicus 


Row Pork limestone, 
granulor facies 


Row Park limestone 
vaughanite facies 





“Fletcheria" sinclairi 
Lichenaria cooperi 


Moclurites magnus 


,®ooos 


Brachiopods 





Upper plane of the biock represents the contact 
of the New Market limestone with the overlying 
Chambersburg limestone. Sections are plotied from 
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Tennessee. Another, larger species occurs in the 





Whistle Creek limestone of Virginia. 


Genus Ptychopleurella Schuchert and Cooper, 1931 
Ptychopleurella sp. 


(Plate 7, figure 15) 


An unidentified species referred to this genus is 
known in the Row Park limestone from exfoliated 
specimens and fragmental silicified material. This 
assignment is based on the ornamentation, with 
imbricated concentric laminae, and a shallow sulcus 
on the dorsal valve. 


Genus Mimella Cooper, 1930 
Mimella cf. M. vulgaris (Raymond) 


(Plate 7, figures 6-10) 


cf. Heberiella vulgaris RAYMOND, 1911, p. 242-243, 
Figs. 15-17, Pl. 36, figs. 2-5 

cf, Mimella ? vulgaris (Raymond), SCHUCHERT and 
Cooper, 1932, p. 61-62 

Exfoliated and excellent silicified specimens of 
this species compare favorably with M. vulgaris 
from the Chazy limestone in New York in size, 
shape, and internal characters, but differ in the 
following respects: (1) Mature specimens from Row 
Park beds have 40 to 70 costae on each valve; M. 
wlgaris s. s. has 60 to 95; (2) some specimens of 
M. vulgaris reported to have a broad sulcus on 
pedicle valve; this structure not seen in Row Park 
form. 

A similar unnamed species was figured by Butts 
(1941, Pl. 73, figs. 53, 54) from the lowest “Stones 
River” in Washington County, Virginia. These 
figures may be contrasted with those of a dissimilar 
species from “Lenoir” limestone near Lexington, 
Virginia, illustrated on the same plate (Figs. 44-52). 


Genus Camerella Billings, 1859 
Camerella plicata (Schuchert and Cooper) 


(Plate 7, figures 11-14) 


Rhynchocamera plicata ScHUCHERT and CooPeER, 
1931, p. 248; 1932, p. 189, Pl. 25, figs. 1, 2, 7, 
17, 18 
Comerella plicata (Schuchert and Cooper), CooPER, 
1944, in Summer and Surock, 1944, p. 303, 
Pl. 114, figs. 39-43 
Silicified specimens of this species, occurring 
13 miles east of Marion, Pennsylvania, have a 
thynchonellid shape, are about 12 mm. long, and 
havea maximum width of 10 mm. Each valve bears 
about 12 rounded plications; four on the shallow 
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pedicle fold. Plications do not extend over the 
umbonal region. 

Internal structures are fully described and illus- 
trated by Schuchert and Cooper (1932). In addition 
to structures noted by them, a bladelike crus is pre- 
served on a brachial valve. 


Camerella cf. C. varians Billings 
(Plate 7, figures 16-17) 


cf. Camerella varians BiLuincs, 1859, p. 445, Fig. 24 
cf. Camerella varians Billings, RayMonp, 1911, p. 
250-252, Pl. 36, figs. 19-22, 33-36 

Exfoliated specimens of this species show strongly 
biconvex form with brachial valve deeper. Shell out- 
line is subtriangular, wider than long, measuring 
7.0 mm. from beak to anterior commissure, and 9.0 
mm. maximum width near anterior end. Two 
rounded plications in sulcus of pedicle valve and 
up to 4 on each lateral slope. Three plications on 
brachial fold and up to 4 on shoulders. Plications 
outside of fold and sulcus region weak and incon- 
stant in number. No interiors seen. 

The original description of C. varians has not been 
seen. Raymond (1911), however, gives a good dis- 
cussion of the species; the identification is based on 
his statements and figures. The Row Park form 
differs from C. varians s. s. in possessing up to 4 
pairs of plications outside of the fold and sinus, 
whereas C. varians has no more than 2 pairs here. 
In other external features there is a close similarity. 


“Camerella’’ longirostris Billings 
(Plate 7, figures 25-26) 


Camerella longirostris BILLINGs, 1859, p. 302, fig. 23 
Camerella longirostris Billings, RAyMonD, 1911, p. 
249-250, Pl. 36, figs. 29-30 

Incomplete exfoliated specimens occur in the Row 
Park limestone. Large brachial valve measured 9.0 
mm. in maximum width, slightly behind anterior 
commissure. Surface delicately ornamented with 
fine radial costellae, about 10 per mm.; these are 
crossed by equally delicate but more widely spaced 
growth lines. 

Billings’ original description was not seen, but 
Raymond’s (1911) treatment permits specific identi- 
fication of specimens from the Row Park limestone. 


Genus Rostricellula Ulrich and Cooper, 1941 
Rostricellula pristina (Raymond) 


(Plate 7, figure 18) 


Camarotoechia pristina RAYMOND, 1905a, p. 368; 
1911, p. 225, Pl. 34, figs. 1-10 
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Rostricellula pristina (Raymond), Cooper and 
* Cooper, 1946, Pl. 2, figs. 16-17 

t! Exfoliated, calcified specimens about 10 mm. 
long and 12 mm. maximum width. They are gibbous 
and strongly plicate. Plications rounded, about 15 
per valve, 4 in brachial fold and pedicle sulcus. 
3 In dimensions, ornamentation, and other ex- 
ternal features, they correspond closely with Ray- 
mond’s descriptions and illustrations. 


Rostricellula plena (Hall) ? 
(Plate 7, figure 19) 


? Airypa plena Hatt, 1847, p. 21-22, Pl. 4 (bis), 
figs. 7a-7c 

? A. plicifera Hatt, 1847, p. 22, Pl. 4 (bis), figs. 
8a-8d 

? A. altilis Haut, 1847, p. 23, Pl. 4 (bis), figs. 9a-9d 

? Rhynchonella plena (Hall), R. plicifera (Hall), and 
R. altilis (Hall), Hatt, 1857, p. 65-66 

? Camarotoechia plena (Hall), C. plicifera (Hall) and 
C. altilis (Hall), Hatt and Cxrarke, 1893, 
p. 190 

? Rostricellula plena (Hall), Utricn and Cooper, 
1941, p. 626 

Identification based on fragmentary, exfoliated 
specimens. Largest are 15 mm. long and equally 
wide at maximum width near anterior end. Strong, 
rounded plications (22-24) along anterior margin 
extend from beak to anterior commissure. Six to 9 
plications on pedicle sulcus or brachial fold. 

No essential difference could be recognized be- 
tween the material from the Row Park limestone 
and the form described as “‘Airypa”’ altilis Hall, 
which Raymond (1911) considered a variant of 
“4.” plena. Inasmuch as specimens from the Row 
Park are incomplete and poorly preserved, the spe- 
cific assignment is tentative. 


Genus Dactylogonia Ulrich and Cooper, 1941 
Dactylogonia cf. D. incrassata (Hall) 


(Plate 7, figures 21-23) 


cf. Leptaena incrassaia Hatt, p. 19, Pl. 4(bis), 
figs. 2a-2c 
Dactylogonia incrassata (Hall), Utrica and 


Cooper, 1942, p. 624 


cf. 


A species of Dactylogonia comparable with D. 
incrassata (Hall) is known from fragmentary, silici- 
fied, and exfoliated specimens from the Row Park 
limestone. Silicified specimens show internal struc- 
tures characteristic of the genus as described by 
Ulrich and Cooper (1942). Maximum width of large 
specimens 14.0 mm. at hinge; full length not seen 
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but probably slightly less than width. Strong radial 
costellae about 0.7 mm. apart along line of genicula- 
tion, have 2 to 5 weaker ones between. Alternation 
of strength of costellae, best shown in exfoliated 
specimens, but virtually obliterated by silicification, 
Pedicle beak is low but prominent; apical foramen 
observed. 

This species is similar to D. incrassata (Hall) in 
having (1) angle of geniculation of about 70°, and 
(2) concavo-convex lateral profile with prominent 
beak. It differs from that species in its larger size; 
it differs from D. geniculata Ulrich and Cooper in 
its less abrupt geniculation. 


Genus Maclurites Lesueur, 1818 
Maclurites magnus Lesueur 


(Plate 7, figure 20) 


Maclurite magna LesvEuR, 1818, p. 312, Pl. 13, 
figs. 1-3 


Maclurites magnus Lesueur, RAyMOND, 1908, p. 199- © 


201, Pls. 51-52 
Maclurites magnus Lesueur, Knicut, 1941, p. 185, 
Pl. 64, figs. 1-10 
This is the most abundant and widespread of 


Row Park fossils. The internal cast of this species @ 
has been illustrated many times from localities from a 
New York to Alabama, but photographs of a speci- : 
men with shell material preserved have not hereto- J 
fore been given. Excellent drawings of similarly | 
preserved specimens from Tennessee (Lesueur, 1818; 9 
see also Knight, 1941) and from New York (Ray- | 


mond, 1908, Pl. 51) have been published. 


The well-preserved specimen, (PI. 7, fig. 20) al- @ 


most complete, measures 11.5 cm. across at its 
widest diameter. 


a8 


3s ALAR E 


Knight (1941, p. 184) discussed the question of i 
the locality from which the holotype was collected. §j 
He concluded that it was from Tennessee, not New ] 
York as is usually thought. If characters that deter- | 
mine species are size, shell structure on the flat, § 
ventral side, and umbilical section, then New York, 


Tennessee, and Maryland forms, to judge from 
illustrations, are conspecific. 

New Market limestone—The name New 
Market limestone was proposed by Cooper and 
Cooper (1946, p. 72) for a series of limestones, 
dominantly dove “calcilutites,” here called 
vaughanites, whose type section is at the 
Madden quarry, 0.5 mile west of New Market, 
Virginia. The following points made in published 
descriptions of this section (Edmundson, 1945, 
p. 52; Cooper and Cooper, 1946, p. 72) should 
be emphasized: 
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(1) ‘The formation rests on dolomites as- 
signed a beekmantown age; 

(2) The lower strata of the New Market 
limestone are more thinly bedded than the 
upper ones; 

(3) The lower strata contain an appreciable 
amount of argillaceous impurities, which are 
absent in the higher portion of the section. 

The following points, not made in these 
papers, were observed: 

(1) Tetradium syringoporoides Ulrich is 
present in about the middle of the sequence, 
and also within 2 feet of the top; 

(2) Dark, granular Lincolnshire limestone 
with Dinorthis atavoides Willard overlies the 
New Market limestone; 

(3) The contact of the New Market lime- 
stone with the Lincolnshire limestone has about 
3 feet of relief so that an observer standing at 
one end of the quarry can see an undulating 
surface at the top of the New Market. 

(4) The lower beds of the New Market 
contain magnesian as well as argillaceous 
impurities. 

Accurate measurement of the New Market 
at the Madden quarry found it to be 144 feet 
thick. The discrepancy between this figure and 
85 feet, the published thickness, may be due to 
the inclusion in the author’s measurement of 
dolomitic beds intercalated with limestone at 
the base of the section. The previous workers 
recognized some impurities at the base of the 
formation, but dolomitic beds may have been 
referred by them to the Beekmantown. The 
lower beds in the New Market limestones in 
the sections studied from Winchester, Virginia, 
northward contain dolomitic limestones at 
many places. That these dolomitic limestones 
are properly included in the New Market is 
shown by the occurrence of New Market fossils 
in nonmagnesian limestones above and below 
the dolomitic layers. Thus it is believed that 
dolomitic limestones interbedded with non- 
dolomitic limestones at the type section should 
be included in the New Market limestone. 

The formation at its type locality consists, 
therefore, predominantly of dove vaughanite, 
with some strata of darker, fine-grained lime- 
Stone, and includes beds of dolomitic and 
argillaceous limestone in its lower part. 

These strata may be traced continuously 
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from the type section into southern Pennsyl- 
vania. The New Market limestone at Tumbling 
Run, Vaucluse, and Stephens City, Virginia, 
points intermediate between the type section 
and the area of investigation, is underlain by 
the Beekmantown dolomite and overlain by 
the dark-gray, granular Lincolnshire limestone. 

From the vicinity of Winchester, Virginia, 
northward, the formations that enclose the 
New Market change. Thus Lincolnshire lime- 
stone is known from but one locality north of 
the Virginia-West Virginia boundary (Pl. 2), 
and in its absence the Edinburg or Chambers- 
burg limestone rests directly on the New 
Market. Northeastward from Bessemer, West 
Virginia, the Row Park limestone intervenes 
between the Beekmantown and the New 
Market. The New Market itself thickens north 
of Martinsburg, West Virginia, to a maximum 
of 710 feet measured northeast of Welsh Run, 
Pennsylvania (Geologic section 27A). With the 
thickening of the New Market, magnesian 
beds range through a progressively thicker part 
of the formation, so that eventually they are 
distributed through a great thickness in 
sections in Maryland and southern Pennsyl- 
vania. Corals dominate the fauna of the 
formation. 

The New Market limestone maintains an 
average thickness of 150 feet from Kernstown, 
Virginia, to Hainesville, West Virginia (Pl. 2). 
In that distance it has a minimum thickness of 
90 feet at Kernstown (Geologic section 1) and 
a maximum thickness of 185 feet at Bessemer, 
West Virginia (Geologic section 13). In the 
Kernstown-Bessemer area, the lower, more 
thinly bedded portion maintains its average 
thickness at 50 feet—the thickness of upper, 
thin-bedded, unlaminated portion varies. 

Consideration of these sections involves the 
overlying Lincolnshire and Edinburg lime- 
stones. Within the lowest 25 feet of the Edin- 
burg limestone in this area there is a thin bed 
of fine clastics called an argillaceous, fine- 
grained sandstone by Edmundson (1939) and a 
siltstone by Cooper and Cooper (Unit 9 of their 
Geologic section 20). Edmundson (1939, p. 100) 
stated that “...at least locally the sandstone 
may bea definite horizon marker.” For purposes 
of plotting over a distance of 10 miles this bed 
was employed as a datum plane. Below this 
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bed, which is here called a siltstone, are 5 to 30 
feet of Edinburg limestone. Where the siltstone 
is absent, north of Bunker Hili, West Virginia, 
the New Market-Chambersburg contact is 
used as the datum plane. 

In Geologic sections 1, 2, 4, and 5, beds of 
dark-gray, granular, thick-bedded, cherty lime- 
stone, averaging 75 feet thick, underlie the 
Edinburg limestone and overlie the New 
Market vaughanites. These beds are probably 
Lincolnshire limestone. At Geologic sections 3, 
6, and northward, with a notable exception at 
Bunker Hill (Geologic section 11), the Edinburg 
or Chambersburg limestone directly overlies 
the New Market limestone. The Lincolnshire 
limestone was not recognized north of Bunker 
Hill, West Virginia, and is locally absent to the 
south in the Winchester area. The New Market 
limestone is appreciably thinner where the 
Lincolnshire limestone overlies it than where 
the Edinburg limestone directly overlies it. 
Some pertinent observations on the Lincolnshire 
are discussed below. 

Geologic section 7, 1.7 miles S. 10° W. of 
Wadesville, Virginia, on the eastern limb of the 
Massanutten syncline, has essentially the same 
stratigraphic relations as those on the western 
limb that contain the Lincolnshire limestone. 
This section was described by Edmundson 
(1945, p. 176) and by Cooper and Cooper (1946, 
their Geologic section 17). The Beekmantown 
dolomite is here succeeded by 70 feet of New 
Market vaughanite (thicknesses from Cooper 
and Cooper, 1946) of which the lower part is 
thin-bedded, the upper more massive. Tetradium 
syringoporoides Ulrich is found in both parts. 
The New Market limestone is overlain by 58 
feet of Lincolnshire limestone. This is one of the 
few sections on the eastern limb where beds are 
relatively free of structural distortion. 

Geologic section 8, on the west limb of the 
syncline, is about 0.3 mile south of Geologic 
section 9; both are slightly southeast of Rest, 
Virginia. Section 9, as described by Cooper and 
Cooper (1946, their Geologic section 15), 
contained 98 feet of Lincolnshire limestone and 
143 feet of New Market beds. Exposures are so 
poor at this locality that the near-by section, 
Geologic section 8, was measured. Here the 
New Market limestone, its two divisions readily 
recognizable, is 140 feet thick and is overlain 
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directly by beds containing Echinosphaerites, a 
fossil not known in this area from beds older 
than the Edinburg limestone. 

Just north of the West Virginia line, along 
Duncan Run (Geologic section 10), the New 
Market limestone is well exposed. Below it, 14 
feet of beds are questionably assigned to the 
Row Park limestone. Within the lower part of 
the New Market a few gray, fine-grained beds 
appear, but the sequence is essentially that of 
the preceding sections. The Lincolnshire lime- 
stone is absent; Echinosphaerites-bearing Cham- 
bersburg limestone succeeds the New Market 
vaughanites. 

Exceptional exposures of the New Market 
limestone occur in the quarries east of Bunker 
Hill, West Virginia. Here, in preparation for 
quarrying, the overburden of soil is sluiced 
away, giving a complete exposure of all but 
the lowest New Market beds. At the southern 
end of the northern, active quarry, strata 
crowded with unusually well preserved tubes of 
Tetradium syringoporoides Ulrich, colonies of 
Tetradium n. sp. aff. T. fibratum Safford, 
ceramoporid bryozoans, and other fossils were 
found. The lowest New Market beds, here too 
magnesian for profitable exploitation, rest on 
the thick siliceous dolomites of the Beekman- 
town. Along the east wall of the northern 
quarry the contact of the Chambersburg 
limestone with the underlying New Market is 
smooth. 

In the southern, abandoned quarries at the 
top of the section just above the New Market, 
dark, granular, thick-bedded limestone, be- 
lieved to represent the Lincolnshire limestone, 
appears near the southernmost quarry opening 
and within half a mile thickens to 12 feet at the 
northern end of these pits. It was not seen in 
the active quarry 1 mile to the north. Evidence 
in support of dating this as Lincolnshire 
limestone will be given in discussions of that 
formation. 

Several belts of outcrop result from folding 
in the environs of Martinsburg, West Virginia. 
For over a century the New Market limestone 
has been quarried here for fluxing stone, and 
many of these exhausted quarries are now 
flooded. All the quarry sites were examined, 
but none provided exposures suitable for 
measuring a section. Geologic section 12 was 





























measured by triangulation using a tape and 
pocket transit; this measurement was made at 
the Park quarry of the Standard Lime and 
Stone Company in the southern environs of 
the city. This is the only locality among these 
quarries where the Beekmantown-New Market 
contact is exposed. A short distance above that 
contact the section was made inaccessible by 
the flooded quarry. The New Market limestone 
here was calculated to be 130 feet thick, of 
which the lower 40 feet was noticeably more 
thinly bedded than the upper part as seen 
against the northern quarry face. The Cham- 
bersburg limestone, containing Echinosphaerites 
sp., overlies the New Market in this section and 
at all exposures in the Martinsburg area 
(Pl. 5, fig. 2). Butts (1940, Pl. 27, Fig. D) 
applies the name ‘“‘Mosheim” limestone to the 
vaughanites here termed the New Market 
limestone, and “Lenoir” limestone to the 
overlying Echinosphaerites-bearing beds. 

The anticline within the Massanutten 
syncline, 3 miles east of Martinsburg, exposes 
New Market beds in the same relationships as 
those at Martinsburg. Considerable structural 
deformation of the section here prevents 
reliable stratigraphic measurements. Altered 
ultra-basic dikes (Pl. 6, fig. 2) occur in the 
southern end of this structure. 

Five miles north of Martinsburg, and 0.2 
mile north of Bessemer, West Virginia (Geologic 
section 13), the New Market limestone is 185 
feet thick. Beds correlated with the Row Park 
limestone underlie the New Market here. The 
two divisions of the New Market are of about 
equal thickness; the lower one contains the 
southernmost known occurrence of Prismostylus 
marylandicus n. sp., a coral abundant in the 
northern sections. Here, also, the Chambers- 
burg limestone overlies the upper, pure New 
Market vaughanites, as it does at every section 
to the north in which the top of the New 
Market is exposed. 

At Hainesville, West Virginia (Geologic 
section 14), and at Falling Waters, West 
Virginia (Geologic section 15), the New Market 
beds are essentially like those exposed at 
Bessemer, although at the latter section it has 
thickened to 225 feet. 

Wherever the New Market limestone is 
visible in Maryland and southern Pennsyl- 
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vania, it is bounded by the Row Park limestone 
below and the Chambersburg limestone above. 
Progressive northward thickening along the 
west limb of the Massanutten syncline continues, 
so that at the northernmost, nearly complete 
section the formation is at least 710 feet thick. 

The most extensive exposure of the New 
Market limestone in Maryland is at the 
Pinesburg Station quarry (Geologic section 16). 
The two divisions here are not sharply dis- 
tinguishable, but the lower 175 feet is domi- 
nantly more laminated and less pure than the 
upper 110 feet. Chemical analyses from this 
section, supplied by Singewald, show a marked 
increase of magnesium carbonate below the 
uppermost 85 feet. Throughout the sequence 
there are thin intraformational fragmental 
limestones, usually about 2 inches thick. 
Some well-exposed bedding surfaces show mud 
cracks. Near the top of the section thick beds 
of dove vaughanite are set off from each other 
by these fragmental beds. Tetradium syringo- 
poroides Ulrich occurs through the upper 200 
feet. An actinoceroid cephalopod (see faunal 
discussion below) was collected from Unit 44; 
leperditiid ostracods are common throughout. 

The Pinesburg Station quarry section is not 
altogether typical of the Maryland New 
Market because it lacks the striped, dolomitic, 
and coralline beds which appear in the lower 
part of the sequence further north. These 
strata are better developed in a section 0.2 
mile west of Pinesburg (Geologic section 17) 
where the New Market is 381 feet thick. The 
lower 200 feet contain dolomitic strata and a 
bedded reef of Prismostylus marylandicus n.sp. 
about 80 feet above the base. 

The New Market measures 349 feet along 
Meadow Brook (Geologic section 18). Near its 
top strophomenid brachiopods and a form 
questionably referred to Ancistrorhyncha were 
collected. In the quarry 0.2 mile south of U. S. 
Highway 40 at Wilson, 380 feet of New Market 
was measured. The lower strata are excep- 
tionally well exposed and contain Lichenaria 
cooperi n. sp., “Fletcheria” sinclairi Okulitch, 
Prismostylus marylandicus n.sp., and Tetradium 
syringoporoides Ulrich. Some of these lower 
beds have an extremely irregular weathered 
surface that emphasizes their composition of 
roughly lenticular fragments lying in the 
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bedding plane, surrounded by a more argil- 
laceous matrix. Similar breccias form much of 
the New Market limestone in Maryland and 
southern Pennsylvania. 

Chert first appears in the lower New Market 
limestone about 1 mile north of Wilson and 
may be seen in the section along Rockdale Run 
at Hicksville (Geologic section 22, Unit 12). 
It is black and forms thin lenticular nodules, 
some of which coalesce to form beds 1-3 inches 
thick that extend for a short distance along the 
strike. Fragmentary remains of a strophomenid 
brachiopod (see faunal discussion below) 
frequently occur in thin, dark beds within the 
upper, purer portion of the formation, and at 
various horizons in the lower part. The best 
specimens of this brachiopod were found about 
12 feet below the top of the formation at an 
outcrop 0.6 mile southeast of Hicksville 
(Pl. 3, loc. B). 

The St. Paul-Fairview-Welsh Run outcrop 
belt (Pl. 3) provides many excellent exposures 
of the New Market limestone. Reefs of 
“Fletcheria” sinclairi Okulitch may be seen on 
either side of Maryland Highway 68, 2 miles 
southeast of Clear Spring (Pl. 3, loc. D), near 
the southernmost end of the outcrop belt. The 
section 500 yards southwest of St. Paul’s Church 
affords many excellent exposures of the New 
Market beds, and this section might be taken 
as typical of this formation as it is developed in 
Maryland. Most of the beds exposed here are 
strongly striped and laminated, composed 
primarily of dark-gray, fine-grained limestone. 
Reefs of “‘Fleicheria” sinclairt Okulitch, Crypto- 
zoon sp., and other algae are prominent. 
Dolomite beds occur throughout the laminated 
portion of the section. Stylolites, common 
throughout the St. Paul group, have an unusual 
development at this exposure. A sharply folded 
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bed strongly suggested submarine slumping 
(Pl. 5, figs. 3, 4). 

Lichenaria cooperi n. sp., “‘Fletcheria’’ sin. 
clairt Okulitch, Prismostylus marylandicus py, 
sp., and Tetradium syringoporoides Ulrich occur 
in the section in the order named with Lichen- 
aria near the base. The algae are generally 
distributed throughout the laminated portion 
of the section. The uppermost 60 feet is non- 
laminated, dove vaughanite that contains 
Tetradium syringoporoides Ulrich. 

The New Market limestone exposed north of 
St. Paul’s Church on this belt of outcrop 
maintains its lithologic character and thickens 
northward to 485 feet 0.3 mile west of Fairview, 
Maryland, and a maximum of 710 feet at the 
section 1 mile northeast of Welsh Run, Pennsyl- 
vania (Geologic section 27 A). 

The 710-foot thickness at the Welsh Run 
section is a minimum for the New Market there 
because a fault prevents measurement of the 
complete section from the base of the Cham- 
bersburg to the top of the Row Park (Fig. 5). 
Immediately above the Rostricellula plena ?- 
bearing bed (Unit 18 of Geologic section 27 B) 
there are 85 feet of striped and mottled- 
weathering, dark, fine-grained limestones. This 
sequence is lithologically like the New Market, 
but no fossils were found in it. 

The part of the New Market section con- 
tinuously exposed below its upper contact with 
the Chambersburg limestone measured 710 
feet from the contact to the lowest beds ex- 
posed along the fault (Geologic section 27 A). 
The lower beds contained black chert in 
nodules and irregular blocky masses. “Flelt- 
cheria”’ sinclairi Okulitch in prominent, hemi- 
spherical reefs in these cherty beds, indicates 
that they should be included in the New 
Market limestone. Lithologically the sequence 
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Ficure 1.—Row Park LimEsTONE IN SOUTHWESTERN CORNER OF PINESBURG STATION QUARRY 
Maclurites magnus Lesueur and brachiopods occur in bed above parting in upper third of outcrop. Look- 


ing southwest. 


FicurE 2.—NEw MARKET-CHAMBERSBURG CONTACT AT SOUTHEASTERN EDGE OF MARTINSBURG, 
WEST VIRGINIA 
Looking southeastward from West Virginia Highway 9. 
FicurE 3.—Lower NEw MarkeT LIMESTONE 
400 yards southwest of St. Paul’s Church. Hammer head on small reefs of “Fletcheria” sinclairi Okuliteh; 

end of handle on submarine slump bed. Looking south. 

Figure 4.—DeETAIL OF SUBMARINE SLUMP BED 

Note overturning of folds to right (north) 
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above the chert beds is like that at St. Paul’s 
Church. Dove vaughanites form most of the 
top 160 feet of the section (Geologic section 
27 A, Units 4-6). These may be distinguished 
from the lower strata by their apparent greater 
purity and by the lack of magnesian beds. 

Several observations were made on the west 
side of the Massanutten syncline north of 
Welsh Run. In the quarry on the west side of the 
village of Williamson, Pennsylvania (Mercers- 
burg quadrangle, Stose, 1909) very dark, 
fine-grained beds form the top 50 feet of the 
New Market limestone immediately below the 
Chambersburg limestone. “Fletcheria” sinclairi 
Okulitch was collected from beneath the high- 
way bridge over the railroad on the northern 
edge of town. About 200 feet below beds con- 
tanining abundant Cryptophragmus antiquatus 
Raymond at Dickey Station, Pennsylvania, the 
New Market limestone is exposed in 2 quarries. 
Along U. S. Highway 30, 1.0 mile west of St. 
Thomas, Pennsylvania, 350 feet of beds 
correspond exactly with the New Market 
limestone of Maryland. A fault truncates the 
base of this section but limestones interbedded 
with dolomitic beds in the lowest portion of 
this section contain Prismostylus marylandicus 
n. sp. Tetradium syringoporoides Ulrich and a 
strophomenid brachiopod were collected from 
the upper 150 feet, here dominantly dove 
vaughanite. Kay (1944, p. 6) suggested that 
this section is equivalent to the Loysburg 
limestone of central Pennsylvania. 

East of the Massanutten syncline in Mary- 
land (Pl. 3) exposures of the New Market 
limestone are even more limited by structure 
than are those of the Row Park limestone. At 
Sylvan Grove, Maryland (Geologic section 
28), only the lower, laminated portion of the 
New Market limestone is exposed, but its 
identification can be verified by the occurrence 
of Prismostylus marylandicus n. sp. 


At the section 1.2 miles S. 65° W. of Marion, 
Pennsylvania (Geologic section 30), the New 
Market limestone measures 460 feet. These 
strata are unquestionably equivalent to those 
identified as New Market, for they possess the 
same lithologic and faunal characters. The 
lowest 180 feet is a dark-gray fine-grained 
limestone with abundant nodules and masses 
of black chert; “‘Fletcheria” sinclairi Okulitch is 
found here. Above the cherty beds, the middle 
part of the section is formed principally of 
gray, fine-grained limestone that includes a 
few yellow-weathering dolomitic beds. Prismo- 
stylus marylandicus n. sp. and Tetradium 
syringoporoides Ulrich are found in this portion 
of the section, and the latter coral persists 
through the upper 120 feet of nonmagnesian 
strata to the base of the Chambersburg lime- 
stone. An intensive search uncovered no 
specimens of Tetradium cellulosum (Hall) from 
this section. 

Summary.—(1) The New Market limestone, 
traced from New Market, Virginia, to St. 
Thomas, Pennsylvania, is a fine-grained lime- 
stone, principally dove vaughanite in the 
southern sections, but with considerable dark 
fine-grained limestone in Maryland and Penn- 
sylvania. It ranges from 90 feet thick near 
Winchester, Virginia, to an observable maxi- 
mum of 710 feet near Welsh Run, Pennsylvania. 

(2) The upper part of the New Market at 
most exposures is a relatively pure dove 
vaughanite, containin Tetradium  syringo- 
poroides Ulrich. Its lithologic and paleontologic 
uniformity suggests that it represents a 
definite segment of time. The laminated,more 
impure beds forming the lower part of the 
formation thicken from Bessemer, West Vir- 
ginia, northward to Welsh Run, Pennsylvania. 
This thickening is accompanied by the intro- 
duction in the lower part of Prismostylus 
marylandicus n. sp., and, in the lowest beds, 





PiaTtE 6.—NEW MARKET LIMESTONE 


FicurE 1.—Stripep NEw MARKET LIMESTONE 
Wilson quarry (Geologic section 19, Unit 6), looking south. 
FicurE 2.—UttraBasic D1ikE In NEw MarkET (lower, light-colored) AND CHAMBERSBURC 
(upper, darker) LiwesTONEs 
North end of quarry at Blairton, West Virginia. Looking east. 
FicurE 3.—Cryptozoon sp. 
New Market limestone at St. Paul’s Church (Geologic section 23, Unit 6). 
Ficure 4.—“‘Fleicheria” sinclairt Okulitch 


New Market limestone at St. Paul’s Church (Geologic section 23, Unit 4). 
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“Fletcheria” sinclairi Okulitch and Lichenaria 
cooperi n. sp. Thus it is believed that strata 
containing these fossils are the oldest, and that 
the formation has encroached southward by 
overlap, reaching its maximum distribution in 
the Tetradium syringoporoides zone. 

(3) The New Market at Pinesburg Station is 
285 feet thick; at Welsh Run it is at least 
710 feet, a thickening of 425 feet in 12 miles, 
or about 35 feet of thickening per linear mile 
in a northeasterly direction. The Row Park 
limestone at Pinesburg Station is 112 feet 
thick, and 685 feet thick at Welsh Run; 
thickening is 48 feet per mile in the same 
direction (Pl. 4). 

Further evidence for a slope of the sea floor 
toward the Welsh Run area is contained in 
the bed at the St. Paul’s Church section whose 
contortion may be attributed to submarine 
slumping (Pl. 5, figs. 3, 4). The laminae of 
these beds are folded so that the fold axes are 
nearly vertical, but the vertical axial planes 
strike N. 65° E., 35° more easterly than the 
strike of the normal bedding planes of that 
exposure. If one restores the normal bedding 
planes to their original horizontality, the axes 
of these small folds in the crumpled bed become 
horizontal, and the axial planes indicate over- 
turning to the northeast. Thus there is evidence 
for gliding of plastic, unconsolidated lime muds 
in a northeasterly direction, which, according to 
calculations based on measured thicknesses, 
was the direction of the subsidence of the sea 
floor. 

(4) That most of the deposition of New 
Market limestone took place under shallow- 
water conditions is borne out by the frequent 
occurrence of mud cracks, fragmentation of 
many beds due either to wave action or tem- 
porary elevation, and the widespread distribu- 
tion of the alga Cryptozoon which probably 
required light for photosynthesis. 

Contact with the Beekmantown and Row 
Park—The New Market rests on Beekman- 
town dolomite from New Market, Virginia, to 
Bessemer, West Virginia; from this point 
northward it rests on the Row Park limestone. 
Where the New Market is in contact with the 
Beekmantown the contact is easily observed 
for there is a strong lithologic contrast between 
dolomite and limestone, although this contact 
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may be obscured by dolomitic beds in the lower 
part of the New Market. Alteration of the 
lower New Market beds is not so extensive as in 
the lower part of the Row Park. With the 
appearance of the Row Park limestone there 
is but a slight lithologic contrast. Where in 
contact with the Row Park vaughanites basal 
New Market may be recognized by its strongly 
laminated beds, as contrasted with the thick- 
bedded, nonlaminated vaughanites of the Row 
Park limestone. In some exposures dark, 
granular limestone forms the upper part of the 
Row Park limestone, and dark-gray, fine- 
grained limestone forms the base of the New 
Market; here granularity is the lithologic 
criterion used to distinguish the formations. 


, Where dark, granular Row Park beds underlie 


New Market vaughanites, the formations are 
easily distinguished. Faunal criteria, especially 
the appearance of the corals, are conclusive in 
differentiating the two formations. 

Where the New Market limestone directly 
overlies the Beekmantown dolomite a dis- 
conformity probably exists that represents the 
missing Row Park limestone. In the presence of 
the Row Park there is little evidence for a 
disconformity. At Welsh Run New Market (?) 
beds above the Rostricellula plena ? bed are 
lithologically like the mottled beds below 
which might indicate a transition between the 
Row Park and the New Market limestones. 
Elsewhere to the south the formations may be 
more definitely differentiated. 

If the beds questionably assigned to the Row 
Park at Duncan Run (Geologic section 10) can 
be proven to be of that age, or if other Row 
Park beds are found in that area, a more wide- 
spread distribution of the Row Park limestone 
would be indicated, and its present discon- 
tinuous distribution might best be explained as 
erosion remnants preserved below a post-Row 
Park, pre-New Market erosion surface. 

If the Row Park beds were never deposited 
over the Martinsburg-Winchester area, this 
region must have stood as a topographic high 
during Row Park and early New Market time. 
The few exposures on the east side of the 
Massanutten syncline in this area complement 
the western exposures and suggest that the 
facies boundaries trend northwest rather than 
parallel to the present strike. Formations 
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present on the western side of the syncline are 
the same as those on the eastern side at the 
same latitudes. Thickness of the formations of 
the St. Paul group, however, is persistently less 
on the eastern side than on the western side. 

Contact with overlying formations.—Corre- 
lation of the New Market is based on the 
assumption that the base of the Chambersburg 
and Edinburg limestones is a reliable datum. 
Cooper and Cooper (1946) employed this same 
datum plane, substantiating it with paleon- 
tologic evidence contained in the “lower 
Echinosphaerites zone.” Since the Chambers- 
burg and the Edinburg limestones are dark and 
cobbly, their contact with the light-colored 
vaughanites of the New Market stands in 
readily recognizable contrast. 

Fauna—A very limited and_ specialized 
fauna occurs in the New Market limestone. 
Since these beds were not previously closely 
investigated in this area their faunal content is 
relatively unknown. Several forms await de- 
scription. Primitive corals are the most valuable 


element in the fauna for correlation purposes, 


for they occur in virtually every section and, 
in a general way, suggest a zoning. Because 
these corals have been of greatest assistance in 
tracing the formation, and because they can be 
studied in thin section, they are treated in more 
detail than the other groups in the discussions 
below; three new species are described. 
Fossils from the New Market limestone: 


Cryptozoon sp. (PI. 6, fig. 3) 

“Fletcheria” sinclairi Okulitch (Pl. 6, fig. 4; 
Pl. 8, figs. 4, 5) 

Lichenaria cooperi n. sp. (Pl. 8, figs. 1-3) 

Tetradium syringoporoides Ulrich (Pl. 9, figs. 
1, 2, 5, 8) 

Tetradium cf. T. syringoporoides Ulrich (PI. 9, 
fig. 3) 

Tetradium n. sp. aff. T. fibratum Safford (PI. 9, 
figs. 4, 6, 7) 

Prismostylus marylandicus n. sp. (Pl. 10, 
figs. 1-6) 

Unidentified ceramoporid bryozoan (Pl. 10, 
figs. 7, 8) 

Unidentified strophomenid brachiopod (Pl. 8, 
figs. 6, 7, 9, 10) 

Ancistrorhyncha ? sp. 

Lophospira sp. 

Eotomaria sp. (Pl. 9, figs. 11-12) 

Unidentified actinoceroid cephalopod 
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Unidentified leperditiid ostracods 
Calyptaulax sp. 
Unidentified trilobite fragments 


The order of presentation in this discussion 
of New Market corals is essentially that of 
apparent increasing complexity, but no phylo- 
genetic significance is implied; thus, considera- 
tion of the round simple tubes is followed by 
the aseptate, prismatic tubes, and these in 
turn by the septate but atabulate Tetradiidae. 


Genus Fletcheria Edwards and Haime, 1851 
“*Fletcheria”’ sinclairi Okulitch 


(Plate 8, figures 4, 5; Plate 6, figure 4) 


Fletcheria sinclairi OxuuitcH, 1937, p. 315-316, 
Pl. 18, figs. 5-7. 

Maryland and Pennsylvania specimens here re- 
ferred to “F.” sinclairi agree in all essential respects 
with specimens from Canada described and figured 
by Okulitch. Single, rugose tubes and small colonies 
of tubes from lenticular reefs whose longest diame- 
ter ranges from 3 inches to 3 feet. Tubes range in 
diameter from 0.5 to 1.5 mm., averaging 0.75 mm.; 
they average 5 mm. in length. Corallite walls thin; 
secondary calcification prevents observation of wall 
structure. No septa or tabulae were seen. 

Fletcheria s. s. is a septate, tabulate form; the 
genotype, F. tubifera comes from the Silurian of the 
Isle of Gotland, Sweden (Lang, Smith, and Thomas, 
1940, p. 62). A topotype of F. tubifera in the collec- 
tions of the U. S. National Museum has many im- 
portant differences from “‘F.” sinclairi. Tube diame- 
ter of F. tubifera is about 4.0 mm., and it has septal 
ridges and tabulae. The two forms are generically 
distinct. 

“Fletcheria”’ sinclairi was described from “Upper 
Chazy (?) in the vicinity of Pembroke, Ont., and 
Pamelia near Ottawa, Ont.” Wilson (1946a) states 
that Chazy beds do not extend west of the city of 
Ottawa. Thus the Pembroke occurrence is possibly 
Pamelia in age. 

Specimens here referred to “Fletcheria” sinclairi 
occur in the lower part of the New Market lime- 
stone in Maryland and southern Pennsylvania. 


Genus Lichenaria Winchell and Schuchert, 1895 
Lichenaria cooperi n. sp. 


(Plate 8, figures 1-3) 


Corallum massive; where best developed, forms 
bed or reef 6-12 inches thick which at one locality 
was traced for 300 feet. Long, slender, prismatic 
corallites range in diameter from 0.75 mm. to 2.3 
mm., averaging about 1.5 mm. Specimens 80 mm. 
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long were observed. Adult portion of tube generally 
hexagonal in cross section, but may be five- or seven- 
sided; when very young tubes are tetragonal. Walls 
are thick and not amalgamated; in cross section 
usually straight, and angles between them usually 
well defined although a slight curvature is occa- 
sionally observed. Septa and tabulae absent. No 
mural pores seen. 

In mature colony tubes are crowded so that walls 
are contiguous. Faint line defining adjacent wall 
structures visible in some places. At outer part of 
corallum, tubes, with portions of their walls broken 
away, imbricate upon each other. Method of repro- 
duction unknown. 

The genotype of Lichenaria, L. typa Winchell 
and Schuchert (1895, p. 83), is described as aseptate, 
with tabulae few to “perhaps occasionally wanting.” 
Its corallum is small, irregular, hemispheric. Sarde- 
son (1899) reported mural pores, but Okulitch (1936) 
does not mention them. Bassler (1950, p. 260) places 
Lamottia (genotype, L. heroensis Raymond) in 
synonomy with Lichenaria because he is unable to 
discern mural pores. From descriptions of species 
assigned to Lichenaria the following characters 
emerge as common to all: (1) massive to hemispheric 
corolla; (2) prismatic corallites always lacking 
septa; (3) mural pores absent. The following char- 
acters are variable between species: (1) amalga- 
mated or non-amalgamated walls, (2) spacing of 
tabulae, and (3) size of coralla and corallites. Wide 
variation among various species suggests that 
Lichenaria is a form genus. 

Lichenaria cooperi is assigned to this genus on 
the basis of the three points cited above that are 
common to all species in the genus. Tabulae are 
lacking in L. cooperi, but this might be expected in 
this early species of the genus. It most closely com- 
pares with L. carterensis (Safford) in that both form 
massive coralla of long, prismatic tubes slightly 
larger than 1.0 mm. in diameter. L. carlerensis con- 
tains numerous, closely spaced tabulae whereas in 
L. cooperi they are lacking. 

Lichenaria cooperi is found in the lower part of 
the New Market limestone in Maryland. Type 
specimens came from the surface level at the north- 
western corner of the quarry 0.2 mile south of Wil- 
son (Geologic section 19, Unit 5). 


Genus Tetradium Dana, 1848 
Tetradium syringoporoides Ulrich 


(Plate 9, figures 1, 2, 5, 8) 


Tetradium syringoporoides Ulrich in Stose, 1909, 
p. 8; BASSLER, 1919, p. 200-201, Pl. 38, figs. 13, 
14, 15 

T. cylindricum Wuson, 1921, p. 19, Fig. 1 


Corallum generally simple, composed of branch- 
ing tubes about 10 mm. long that parallel bedding 
planes; rarely perpendicular to bedding planes in 
what is probably position of growth; when in this 
position tubes up to 15 mm. long. 

Corallite diameter averages 1.0 mm. with no more 
than 0.2 mm. variation from mean; square to four- 
leaf-clover-shaped cross section; walls frequently 
indentate at point where septum and wall join. 
Wall structure is obscured by recrystallization. One 
exceptionally well preserved specimen (PI. 9, fig. 8) 
exhibited ribbing on exterior of tube; 18 small ribs 
about 0.1 mm. high along side of tube. Four septa 
usually present, one originating from center of each 
side of square tubes. Indentation of wall to form 
clover shape seems to be character of mature stage 
preliminary to fission. No tabulae seen. 

The most common occurrence of T. syringo- 
poroides Ulrich is as single tubes lying parallel to 
bedding planes. Several occurrences of bundles of 
tubes nearly perpendicular to bedding planes sug- 
gests that this is their mode of growth; attrition 
from water motion, probably after death of the 
polyp, separated the tubes and redistributed them. 

Tetradium syringoporoides Ulrich was first de- 
scribed from upper “Stones River” in the area 
under consideration. It was also identified from the 
Pamelia limestone of New York (Cushing é al., 
1910, p. 72; Young, 1943). Since neither description 
nor illustrations of New York occurrences were 
available, the writer made collections at the section 
along Roaring Brook at East Martinsburg, New 
York, and at the section along Mill Brook in the 
village of Lowville. At Roaring Brook T. syringo- 
poroides was collected 22 feet above the base of the 
sediments (Young, 1943, p. 227). Kay furnished a 
specimen collected by Young at Perch Lake. Single 
tubes, agreeing in every respect with those found in 
the New Market of Maryland and adjacent areas 
are considered conspecific (Pl. 9, fig. 5). 

Tetradium cylindricum Wilson (1921) was con- 
sidered a synonym of 7. syringoporoides Ulrich by 
Okulitch (1936). In a letter, dated November 8, 
1948, Wilson acknowledges this possibility but 
states that she has never seen any but single coral- 
lites, . . . whereas the typical 7. syringoporoides may 
have several in one group.” Inasmuch as small 
colonies of this form may have been broken up by 
water motion after the death of the polyp, the 
single habit of 7. cylindricum may be of little 
paleontologic significance. Wilson also points out 
that beds from which the coral was collected, though 
called Chazy in 1921, have since proved to be of 
Pamelia age. 

Teiradium syringoporoides Ulrich is not known in 
New York or Ontario in beds older than Pamelia. 
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In the Appalachian Valley it has been reported by 
many authors from the “Mosheim,” a stratigraphic 
term used with little consistency. Cooper and Prouty 
(1943), Cooper (1944), and Prouty (1946) find it in 
the Five Oaks limestone. Cooper and Cooper (1946) 
report it from the New Market. The writer studied 
it in thin section from the type section of the New 
Market limestone at Madden quarry, New Market, 
Virginia. Field (1919) reported it from the Ca-lim 
limestone of central Pennsylvania, and Kay (1944) 
identified it in the Eyer, Grazier, and Hostler mem- 
bers of the Hatter formation. Beds identified as 
Loysburg by Kay (1944), 4 mile west of St. Thomas 
Pennsylvania, contain abundant and representative 
T. syringoporoides about 75 feet below the base of 
the dark, cobbly Chambersburg limestone. Bassler 
(1950, p. 279) recognizes 7 other species of the 
“syringoporoid” type from beds higher than 
Pamelia-Five Oaks equivalents. 

Caution must be used in identification of this 
coral, for fragments of other species of Teiradium 
when broken free from the corallum may resemble 
T. syringoporoides. Thin sections provide the only 
certain means of identification. 

Teiradium syringoporoides was identified from 
virtually all sections in the area investigated where 
the upper New Market limestone is exposed. Small 
flecks and stringers of calcite found in abundance 
in vaughanites of the Row Park limestone have 
neither the size nor shape of coral tubes and cannot 
be shown to have an organic origin. 


Tetradium cf. T. syringoporoides Ulrich 
(Plate 9, figure 3) 


A reef about 12 inches long and 3 inches high in 
the section 1.5 miles northeast of Welsh Run, Penn- 
sylvania, is formed of single tubes and small colonies. 
Tubes differ from typical 7. syringoporoides Ulrich 
in their thinner and more irregularly shaped walls, 
and their larger diameter. Corallite shape varies 
from tetragonal with well-rounded corners to almost 
round; some quite irregular. Tube diameters vary 
from 1.0 to 1.8 mm., but most are about 1.2 mm. 
across. Walls very thin; when tubes are associated 
in small colonies some share a common wall no 
thicker than the unshared walls. Septa, usually 4 or 
less in number, thin and somewhat deflected at their 
inner extremities. Wall at base of septum not in- 
dented. No tabulae seen. 

This form may be no more than a variant of T. 
syringoporoides Ulrich. It is described separately, 
however, because its distinctive appearance cannot 
be directly linked with T. syringoporoides. (Compare 
Pl. 9, fig. 3 with Pl. 9, figs. 1, 2, 5, 8.) 

This form was observed at only one locality, 
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about 250 feet above the base of the New Market, 
1.5 miles northeast of Welsh Run, Pennsylvania 
(Geologic section 27 A, Unit 2). 


Tetradium n. sp. aff.7. fibratum Safford 


(Plate 9, figures 4, 6, 7) 


aff. Tetradium fibratum Sarrorp, 1856, p. 237, 
Fig. 2 

Only one complete corallum and two fragmental 
specimens were collected. Colony roughly hemi- 
spherical; probable average radius about 3 cm. In- 
ternal region compact with corallities closely 
crowded. Peripheral area, not so compact, composed 
of many discrete tubes. 

The internal region of the corallum compares very 
favorably with 7. fibratum Safford. Here corallites 
are about 1.2 mm. in diameter and reach a length of 
5.0 cm; in cross section they are roughly polygonal, 
4- to 6-sided, but also rather irregular with angles 
between sides obscure. Walls are thin, about half of 
the average width figured by Okulitch (1935, Pl. 1, 
fig. 7) for T. fibratum. There is no trace of a line 
demarcating separate or nonamalgamated walls, 
and they appear to be imperforate. 

Septa of corallites of inner region thin and ir- 
regular, 4 or fewer; no secondary septa developed. 
Some have a shallow infold of wall at base of septum. 
Neither tabulae nor columella observed. 

The outer region of the corallum of this species is 
unlike T. fibratum. It is composed of loosely packed, 
almost round tubes about 0.8 mm. in diameter. 
Walls thick, not amalgamated to any of adjacent 
tubes except where new corallites formed from join- 
ing of septa. Septa rare in this growth stage, but, 
where present, have a stout base, thinning rapidly to 
form a thin and irregular structure. Walls indented 
at base of septa. Tabulae absent. 

The inner region of the corallum compares favor- 
ably with 7. fibratum in that the tubes are large and 
closely crowded, the corallite diameters are nearly 
the same, and the septal development is similar. 
Corallites are not so regularly shaped as in 7. 
fibratum, the septa are thinner, shorter, and more 
irregular, and corallite walls appear to be 
amalgamated. 

The distinctive corallites of the outer zone of the 
corallum are not reported in association with T. 
fibratum. 

This species was found in lower New Market 
limestone near Rest, Virginia (Geologic section 8), 
at the southern end of the active quarry at Bunker 
Hill, West Virginia, and in float resting on lower 
New Market beds at the Duffy farm (Geologic sec- 
tion 25) in Maryland. 
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Genus Prismostylus Okulitch, 1935 
Prismostylus marylandicus n. sp. 


(Plate 10, figures 1-6) 


The writer has not seen any complete coralla 
of this species, but incomplete ones suggest it was 
tubular to lenticular in shape, and may have formed 
bedded reefs. Maximum lateral dimensions observed 
was 2 feet, and tubes as long as 2 inches indicate 
thickness attained. Smaller bundles of tubes down 
to single ones lie parallel to bedding planes, prob- 
ably the result of attrition from water motion after 
death of polyp. 

Corallites 4- to 6-sided with angles between sides 
somewhat rounded. Where septa are absent tube 
diameter averages 0.7 mm., but where septa are pres- 
ent tube diameters expand to 1.2 mm. Walls gen- 
erally thin; secondary calcification obscures wall 
structures, but their thinness and lack of median 
line indicates they were amalgamated. Wall amal- 
gamation further indicated by portions of walls 
retained on outer edges of fragmental coralla, indi- 
cating attrition most easily broke away part of tube 
rather than whole tube along original plane of weak- 
nesses that would exist if wall not amalgamated. 

Septa rarely present, usually 4. They appear as 
ridges or nodes on wall, then lengthen until they 
meet in center and divide original tube into 4 coral- 
lites. Septal growth takes place over a short distance. 
Tubulae absent; no columella seen. 
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The colonial, almost massive corallum of P. mary. 
landicus compares with that of P. aseptatus Okulitch 
(1935). Further similarities are in the diameter of 
the corallites, and the rarity of the 4 septa, fre. 
quently simply nodes or thickenings on the wall. 

The two species are distinct in that P. mary. 
landicus has no tabulae, whereas P. aseptatus has 
distinct tabulae spaced at intervals slightly greater 
than 1.0 mm. 

Prismostylus was proposed for certain colonial 
Tetradiidae by Okulitch (1935) with P. columnare 
(Hall) as the genotype. It was distinguished from 
Tetradium s. s. by the absence of the 4 divisional 
septa. Bassler (1950, p. 278) finds septa present in 
both P. columaare and P. asepiatus and thus con- 
siders Prismostylus congeneric with Tetradium. 

The massive, colonial corallum and weak septal 
development in all species of Prismostylus are char- 
acters that appear to justify retention of 
Prismostylus as a distinct genus. 

In all species of this genus septal nodes and 
fused septa may be seen; rarely are septa seen that 
extend an appreciable distance into the tube as in 
Teiradium. Fused septa probably represent a stage 
in corallite development just after formation of 4 
corallites from parent. This is interpreted to mean 
that multiplication of the coral takes place by septal 
fusion, but the rate of septal growth in Prismostylus 
is considerably greater than in Teiradium. Thus, in 
Prismostylus septa may not appear along a con- 





Pirate 7.—ROW PARK LIMESTONE FOSSILS 


” 
1-5.-—Hesperorthis sp.: (1) Pedicle exterior (2); (2) Same specimen (X2); (3) Brachial exterior (X2); (4) 
Interior of 1 (X2); (5) Interior of 3 (X2) (Geologic section 31, Unit 3). 


6-10.—Mimella 


cf. M. vulgaris (Raymond): (6) Brachial exterior (X1); (7) Same specimen (2); (8) Ped- 


icle exterior (X2); (9) Interior of 6 (X2) (Geologic section 31, Unit 3); (10) Slab with several shells 


(X4) (Geologic section 21). 


11-14.—Camerella plicata (Schuchert and Cooper): (11) Pedicle exterior (1); (12) Same specimen (X2); 
(13) Brachial interior (<2); (14) Interior of 11 (<2) (Geologic section 31, Unit 3). 


15.—Ptychopleurella sp.: Brachial exterior (2) (Geologic section 25, 


Unit 3). 


16, 17.—Camerella cf. C. varians Billings: (16) Pedicle exterior (<2); (17) Brachial exterior (2) (Geologic 


section 21, Unit 1). 


18.—Rostricellula pristina (Raymond): Brachial exterior (2) (Geologic section 25, Unit 2). 

19.—Rostricellula plena ? (Hall): Pedicle exterior (<2) (Geologic section 27 B, Unit 18). 

20.—M aclurites magnus Lesueur: Ventral exterior with shell (X 4) (Geologic section 16, Unit 9). 

21-23.—Dactylogonia cf. D. incrassata (Hall): (21) Pedicle interior (<2); (22) Brachial interior (X2) (Geo- 
logic section 31, Unit 3); (23) Pedicle exterior (2) (Geologic section 16, Unit 9). 

24.—Beatricia sp.: Polished cross section (X1) (1 mile east of Worleytown, Penna.) 


” longirostris Billings: Brachial exteriors (2) (Geologic section 16, Unit 9). 
Pirate 8.—NEW MARKET AND LINCOLNSHIRE FOSSILS 


Figure r 
1-3.—Lichenaria cooperi n. sp.: (1) Transverse section (3); (2) Longitudinal section (<3); (3) Portion of 
holotype (<4), New Market limestone, Wilson quarry (Geologic section 19, Unit 5). 


25, 26.—“Camer 


4, 5.—“Fletcheria” sinclairi Okulitch: (4) Transverse section (Geologic section 19); (5) Reef at Geologic 
section 23. New Market limestone. ¥ 

6, 7, 9, 10.—Unidentified strophomenid brachiopod: (6) Pedicle exterior (1); (7) Brachial exterior (X 2); 
(9) Same as 6 (X2) (Locality B, Hicksville, Maryland); (10) Pedicle interior (2) (} mile north of 
St. Paul’s Church, Maryland). New Market limestone. ; 

8.—Unidentified rafinesquinoid brachiopod (1), Lincolnshire limestone, 1 mile north of Winchester, Vir- 


ginia. 
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siderable length of tube, but, when they do appear, 
they expand rapidly, finally fusing at the center to 
form new individuals; in Tetradium, on the other 
hand, septa persist through the full length of the 
tube, expanding slowly until fission is accomplished. 
This difference in rate of growth explains the fre- 
quent absence of septa from thin sections of 
Prismostylus, for a considerable length of the 
Prismostylus tube would be aseptate or, at any one 
plane of sectioning, only a few tubes would possess 
septa. Various stages may all be observed in PI. 
10, fig. 6. 

The holotype comes from a prominent, light- 
colored weathering ledge about 80 feet above the 
base of the New Market limestone, 0.2 mile west- 
northwest of the schoolhouse at Pinesburg, Mary- 
land (Geologic section 17, Unit 6). It is found in 
lower or middle New Market limestone in West 
Virginia, Maryland, and southern Pennsylvania. 


Unidentified Ceramoporid Bryozoan 
(Plate 10, figures 7, 8) 


A species of bryozoan, probably a member of the 
Ceramoporidae, ranges through the New Market 
limestone, and may be found at most sections where 
the formation is exposed. 

Zoarium irregular and encrusting, but, more 
characteristically, forms cylindrical tubes up to 10 
mm. in length, which range in diameter from 2.0 to 
7.0 mm. Walls of cylinders generally parallel, but 
may expand or contract markedly. 

Zoecial tubes rounded-polygonal in cross section, 
about 0.2 mm. in average diameter at apertural 
region. Apertures modified by lunarium, several of 
which may be seen in right-hand portion of speci- 
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men illustrated (Pl. 10, fig. 8). No mesopores 
present. 

In longitudinal section zoarium consists of only 
one layer of zoecia. These are simple, nearly parallel- 
sided tubes without diaphragms or other modifying 
structures. Tubes seem to arise from basal epithecal 
tissue and expand to full diameter quickly. They are 
essentially perpendicular to epithecal tissue and to 
outer, apertural limits of zoarium. They are from 
0.6 to 0.9 mm. long. 

Dr. A. R. Loeblich, of the U. S. National Museum, 
who kindly examined specimens of this bryozoan 
and advised the author on its description, pointed 
out the probable family relationship of the form, 
but did not recognize it as a species in any known 
genus. Lack of diaphragms and mesopores indicates 
that it might be considered a primitive member of 
the Ceramoporidae. 

Fragmental specimens of a form closely corre- 
sponding to the above description were seen in thin 
sections containing Tetradium syringoporoides Ulrich 
from the Pamelia limestone along Roaring Brook 
at East Martinsburg, New York. 


Unidentified Strophomenid Brachiopod 
(Plate 8, figures 6, 7, 9, 10) 


Fragmental, exfoliated remains of a strophomenid 
brachiopod occur frequently in the New Market 
limestone, but well-preserved specimens are known 
only from a Jocality 0.5 mile southwest of Hicks- 
ville, Maryland (Pl. 3, loc. B), from a bed 12 feet 
below the top of the formation. 

Shells relatively large, semicircular, with shallow, 
biconvex lateral profile. Large specimens average 
15.0 mm. long; equally wide at their maximum 
width, which is at or slightly anterior to hinge line. 





PLatE 9.—NEW MARKET AND LINCOLNSHIRE FOSSILS 


Figure 

SEs 8.—Tetradium syringoporoides Ulrich: (1) Transverse section (X9); (2) Longitudinal section ( 3) 
(Geologic section 30); (5) Transverse section (X9) (Pamelia limestone, 22 feet above base at East 
Martinsburg, New York); (8) Transverse section showing fine ribbing on exterior of wall (<9) (Geo- 


logic section 7). 


3.—Tetradium cf. T. syringoporoides Ulrich: Transverse section (X9) (Geologic section 27A). 
4, 6, 7—Tetradium n. sp. aff. T. fibratum Safford: (4) Transverse section of external region of holotype 
(X9); (6) Transverse section of internal region of holotype (X9) (Geologic section 8); (7) Transverse 


section of internal region of 
% 10.—Beatricia sp.: (9) Polish 
limestone 1 mile north of Winchester, Virginia). 


ratype (X9) (Geologic section 11). 
cross section (X1); (10) Polished longitudinal section (1) (Lincolnshire 


11, 12.—Eotomaria sp.: (11) Top view (X1); (12) Side view, same specimen (1) (Geologic section 11). 
Figure Pirate 10.—NEW MARKET FOSSILS 
1~-6.—Prismostylus marylandicus n. sp.: (1) Transverse section (<3) (Cut from holotype); (2) Longitudinal 


section (X3) (Parat 
section showing ru 
from holotype); (6) Same specimen as Fig. 5 


Geologic section 27A); 


q (3) Same specimen as Fig. 1, (X9); (4) Transverse 
nodes (<9) (Paratype, oe section 27A); (5) Transverse section (X3) (Cut 
X9). 


7, 8—Unidentified ceramoporid bryozoan: (7) Exterior of zoarium showing lunaria at right (<6) (Geologic 


section 11); (8) Longitudinal section of expandin 


; zoarium showing longitudinal and transverse section 
of zoecia (X9) (2 mile north of St. Paul’s Church, Maryland). 
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Exterior marked by alternating, rounded costellae 
about 2 strong ones per millimeter with 1 to 3 
weaker ones between; fine concentric growth lines 
cover shell and are especially prominent in inter- 
spaces. Pedicle valve has low beak which does not 
continue into a fold anteriorly, whereas a shallow 
sulcus appears at umbo of brachial valve and, widen- 
ing, extends almost to anterior margin. Anterior 
commissure straight. Only pedicle interarea seen; 
it is wide and short. Convex pseudodeltidium ap- 
pears to have closed delthyrium completely; no 
apical foramen observed. 

Information concerning interior of valves ob- 
tained from one naturally etched specimen and 
several calcined ones. In pedicle valve, short, stubby 
teeth are supported by stout, long, divergent dental 
plates, which seem to merge posteriorly with base of 
pseudodeltidium. Brachial valve marked by low 
median septum; cardinal process bilobed. Brachial 
supports and sockets not observed. 

Biconvex strophomenacea include the genera 
Holtedahlina and Fardenia. Holtedahlina has a sulcus 
on the pedicle valve, and Fardenia has a ponderous 
cardinal process. The New Market form, therefore, 
cannot be linked with any known genus. 


Genus Ancistrorhyncha Ulrich and Cooper, 1942 
Ancistrorhyncha ? sp. 


One fragmental exfoliated specimen of a 
brachiopod questionably assigned to this genus was 
found in the upper part of the New Market lime- 
stone along Meadow Brook, south of Wilson, Mary- 
land (Geologic section 18, Unit 8). It has a rhyn- 
chonellid shape, about 5.0 mm. long and 5 mm. wide; 
ornamented with strong plications, 2 per millimeter 
along anterior margin. Shallow sulcus contains 5 
plications. Beak slightly incurved. 

This specimen is questionably assigned to 
Ancistrorhyncha on the basis of its shape, size, and 
ornamentation. Ulrich (im Stose, 1909, p. 9) lists 
“Protorhynchula n. sp., smaller and more coarsely 
plicated than P. dubia,” from lower Chambersburg 
in the Chambersburg, Pennsylvania, region. The 
species described above may have been the one to 
which he referred, but since Cooper has advised 
(personal communication) that he has been unable 
to locate Ulrich’s collection of Pennsylvania “lower 
Chambersburg” fossils in the U. S. National Mu- 
seum, the identity of the two forms cannot be 
confirmed. 


Genus Eotomaria Ulrich and Scofield, 1897 
Eotomaria sp. 


(Plate 9, figures 11, 12) 


Although the New Market limestone contains 
considerable fragmental or poorly preserved gastro- 


pod material, most of it is unidentifiable even to 
genus; the only specimen sufficiently well preserved 
to warrant discussion is a species of Eotomarig 
from the uppermost bed of the New Market lime. 
stone at the southern end of the northern, active 
quarry at Bunker Hill, West Virginia. 

Figured specimen is nearly complete, but aper. 
ture and body whorl are largely embedded in matrix, 
Redescription of the genotype by Knight (1941, p, 
112-113) covers essential structures exhibited by 
this specimen, except that the ephebic stage is here 
better preserved than in the material available 
to him. 

Knight, who examined this specimen and made 
the generic assignment, noted that early whorls had 
essentially the same pleural angle as later whorls, 
whereas he had deduced from specimens of £, 
canalifera Ulrich and Scofield that the pleural angle 
increased with age. 

Specimen measures 8.0 mm. high, 14.0 mm. wide, 
and has a pleural angle of 118°. 


Unidentified Actinoceroid Cephalopod 


A cephalopod from middle New Market lime- 
stone at Pinesburg Station (Geologic section 16, 
Unit 44) exhibited a natural section perpendicular 
to the siphuncle, and structures of that area were 
plainly visible. The specimen was sent to Dr. 
Rousseau H. Flower of the New York State Mu- 
seum, Albany, for identification. He comments in a 
letter of December 10, 1948: “. . . It is a member of 
a group of species which range throughout the 
Ordovician. It differs from typical Ormoceras mainly 
in the smaller siphuncle in which the segments are 
faintly heart-shaped in section rather than uni- 
formly rounded on both ends... . Among the older 
forms there are, as in this specimen, some that are 
intermediate between true Ormoceras, and Trep- 
toceras. I have found no cephalopods of this group 
in our New York Chazyan. The only actinoceroids 
there are [in the Chazy are] typical Ormoceras, with 
a broad siphuncle, and one form which appears to be 
a Nybyoceras, also with a broad, and rather large 
siphuncle. On the other hand, I have a form very 
similar to yours from the Pamelia of Ontario.” 


Formations Overlying the St. Paul Group 


Lincolnshire limestone-——The Lincolnshire 
limestone was first defined by Cooper and 
Prouty (1943, p. 863) as a member of their 
Cliffield formation. The type section is in 
Tazewell County, southwestern Virginia. 
Lithologically it is a “...brownish-gray to 
black, medium-grained, irregularly bedded 
limestone...”, abundantly cherty (Cooper 
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and Prouty, 1943, p. 827). In Tazewell County 
it averages less than 180 feet thick. 

Within the northern part of the Shenandoah 
Valley the thickness of the Lincolnshire lime- 
stone ranges from a minimum of 25 feet at 
Riverton (Cooper and Cooper’s Geologic 
section 18) to a maximum of 280 feet near 
Lexington (Cooper and Cooper’s Geologic 
section 40). 

Cooper and Cooper distinguish the Lincoln- 
shire limestone from the underlying, lithologi- 
cally similar, Whistle Creek limestone on the 
basis of the occurrence in the younger formation 
of Dinorthis atavotdes Willard and Sowerbyites 
triseptatus (Willard). Tetradium syringoporoi- 
des-bearing “calcilutites” questionably referred 
to the Five Oaks limestone intervene between 
the two granular formations at Middlebrook, 
Virginia (Cooper and Cooper, 1946, Geologic 
section 38). 

The Lincolnshire limestone is not included 
in the St. Paul group because it is not recog- 
nized at the type section for that group, nor 
is it present in Maryland. It is, however, an es- 
sential part of the lower Middle Ordovician of 
Virginia. 

The contact of the Lincolnshire limestone 
with the underlying New Market limestone at 
the Madden quarry west of New Market, Vir- 
ginia, is a sharp line between light-weathering, 
vaughanitic beds below and dark, granular 
limestone, containing Dinorthis atavoides Wil- 
lard, above. This contact, though sharp, has a 
telief of about 3 feet, visible on the eastern 
quarry face. 

The Lincolnshire is quite fossiliferous be- 
tween New Market and Winchester; the section 
along Tumbling Run, southwest of Strasburg, 
yielded a varied suite of trilobites (Evitt, 1947) 
and the diagnostic brachiopods (Cooper and 
Cooper, 1946, p. 76). 

Northward from Strasburg to the Winchester 
region, the Lincolnshire maintains its lithologic 
character, its thickness averages slightly more 
than 100 feet, and the formations above and 
below (Edinburg and New Market limestones, 
respectively) remain the same, but the critical 
brachiopods, Dinorthis atavoides Willard and 
Sowerbyites triseptatus (Willard), have not been 
found. 

Thus, at the section 0.6 mile southeast of 





299 


Kernstown (Geologic section 1), the 93 feet of 
Lincolnshire limestone was identified by its 
lithology and stratigraphic position. A large, 
parallel-sided rafinesquinoid brachiopod from 
the lower part of this limestone is a form G. A. 
Cooper (personal communication) recognized 
as one that occurs in the Lincolnshire. 

The Lincolnshire, 80 feet thick east of the 
American Brakeblock plant at the southern 
edge of the city of Winchester (Geologic section 
2), is slightly thinner than at Kernstown. A 
fault of small displacement separates this belt 
of outcrop from the one in which Geologic sec- 
tion 3 was measured. At this latter section the 
Lincolnshire was absent; the New Market is 
directly overlain by the Edinburg limestone. 
The fault segment (Pl. 1) in which Geologic 
section 3 occurs displaces the Middle Ordovi- 
cian exposures about 400 yards eastward from 
outcrops in the belts adjoining it to the north 
and south. No Lincolnshire limestone is con- 
tained in this segment, whereas it is about 80 
feet thick in the exposures contained in the ad- 
jacent structures. 

The Lincolnshire limestone is exposed in all 
sections from northern Winchester to Hiatt 
Run (Geologic section 5). About half a mile 
north of the Winchester city limits a species of 
Dactylogonia, a rafinesquinoid brachiopod, a 
strophomenid brachiopod not unlike the New 
Market strophomenid, and a species of Beatricia 
were collected (Pl. 8, fig. 8; Pl. 9, figs. 9, 10). 

Half a mile west of Geologic Section 5, in the 
farmyard opposite Milburn Cemetery (Geo- 
logic section 6), the Edinburg directly overlies 
the New Market limestone. 

In its few occurrences northward from Mil- 
burn Cemetery the Lincolnshire is much thinner 
than to the south. It is about 10 feet thick 
along the eastern flank of a syncline about half 
way between Rest and Winchester; none was 
recognized in the vicinity of Rest, but in the 
southern, abandoned quarries east of Bunker 
Hill, West Virginia (Geologic section 11), dark, 
granular, nonargillaceous limestone intervenes 
between the New Market limestone and the 
cobbly, argillaceous Chambersburg beds. The 
contact between vaughanite and granular lime- 
stone is knife-sharp. In detail this contact has 
about 3 inches of relief; the upper contact be- 
tween granular limestone and overlying cobbly, 
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argillaceous limestone is also sharp, but without 
apparent relief. The granular beds are not 
present at the southern end of this quarry, but 
wedge in, and thicken to 12 feet in the half mile 
to the northern end of the cut at the expense of 
the underlying New Market limestone whose 
upper beds are cut out as the granular beds 
thicken. 

A small fauna found in these granular beds 
includes a Beatricia and a strophomenid bra- 
chiopod similar to those found half a mile 
north of Winchester, and gastropods probably 
related to Eotomaria. The dark, granular li- 
thology and the stratigraphic position of these 
beds strongly suggest a Lincolnshire age, but, 
because they lack the fossils now considered 
diagnostic for that formation, their assignment 
to the Lincolnshire must be tentative. 

No exposures north of Bunker Hill reveal any 
beds that might be considered Lincolnshire 
limestone. 

Chambersburg - Edinburg - Shippensburg lime- 
stone:—The dark - gray, fine - grained, cobbly 
limestone that overlies the St. Paul group or 
the Lincolnshire limestone was named Cham- 
bersburg limestone by Stose (1909), the Edin- 
burg limestone in northern Virginia by Cooper 
and Cooper (1946), and the Shippensburg lime- 
stone in Maryland and Pennsylvania by Craig 
(1942; 1949). Its characteristic lithology, plus 
the common occurrence of Lambeophyllum, Ni- 
dulites pyriformis Bassler, Echinosphaerites, and 
characteristic brachiopods and trilobites, per- 
mits easy identification, at least for determining 
the top of the section under consideration here. 
The term Edinburg limestone is used for these 
beds in Virginia, and Chambersburg, as 
emended by Butts (1940, p. 195) in West 
Virginia, Maryland, and Pennsylvania. 

The siltstone used as a datum in plotting the 
southern columnar sections has been discussed. 
The limestone above and below this siltstone 
is an exceptionally fossiliferous facies of the 
Edinburg limestone, similar to the Botetourt 
member in Botetourt County, Virginia (Cooper 
and Cooper, 1946, p. 80). From Martinsburg 
northward this facies is not recognized, but 
lowest Chambersburg is identified by its char- 
acteristic lithology and fossils, especially Echi- 
nosphaerites and Nidulites pyriformis Bassler. 

The basal contact of the Chambersburg lime- 


R. B. NEUMAN—ST. PAUL GROUP 


stone with the underlying Lincolnshire, or with 
the New Market in the absence of the Lincoln. 
shire, is, wherever seen, without apparent relief, 

Vaughanites appear within the Chambers. 
burg of Pennsylvania, and seem to thicken 
westward. Telradium cellulosum (Hall) and 
Foerstephyllum halli (Nicholson) were collected 
from these Chambersburg vaughanites 0.4 mile 
south of Ft. Loudon, Pennsylvania. At Dickey 
Station, Pennsylvania, 3 miles south-southeast 
of Ft. Loudon, abundant Cryptophragmus anii- 
quatus Raymond occurs in dove, fragmental 
limestones which are separated from the New 
Market by 200 feet of dark-gray, cobbly, argil- 
laceous limestone. Elsewhere Cryplophragmus 
is also confined to the Chambersburg limestone 
and its equivalents (Cooper and Cooper, 1946, 
p. 59) and is, therefore, not directly involved 
in the problems of the St. Paul group. 

New Market-Lincolnshire-Edinburg relation- 
ships—The disappearance of the Lincolnshire 
limestone north of the Winchester area may be 
interpreted as a change in facies from dark, 
granular Jimestone to contemporaneous and 
equivalent dove vaughanites, or as a result of 
interformational disconformity and accompany- 
ing erosion. Proof of the facies interpretation 
would require the recognition of a zone of gra- 
dation or intertonguing between granular and 
dove beds, or the identification of faunal ele- 
ments that transcend the lithofacies boundary. 
The New Market-Lincolnshire boundary is 
sharp, however, and sets apart strata wholly 
different. The strong lithologic contrast is ac- 
companied by a marked faunal change. There 
is still much to be learned concerning the 
faunas of both formations, but the only species 
common to both the New Market and the 
Lincolnshire is the unnamed biconvex stropho- 
menid. Eotomaria, Lophospira, and probably 
other gastropod genera are represented in both 
formations. The fauna in the Row Park lime- 
stone is more like that of the Lincolnshire. 
The brachiopod genera Camerella, Dactylogonia, 
and Multicostella are common to both forma- 
tions. There are no species in common, however, 
and the Lincolnshire contains, in addition, more 
advanced genera, such as Sowerbyites, a rafines- 
quinoid, and a strophomenid. The Lincolnshire 
limestone, therefore, contains a unique faunal 
assemblage and has a characteristic lithology 
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that begins sharply above the New Market 
limestone. Thus the weight of evidence does 
not favor the interpretation of the Lincolnshire 
limestone as a facies of any other formation in 
the area. from Winchester, Virginia, to Marion, 
Pennsylvania. 

The contact of the strata thought to represent 
the Lincolnshire with those of the underlying 
New Market limestone at Bunker Hill, West 
Virginia, has two amplitudes of irregularity, 
the smaller of about 3 inches, and the larger of 
at least 12 feet that extends over the half mile 
of exposure in the southern quarry. The latter 
irregularity is responsible for the exposure of 
the Lincolnshire beds at this point and the ab- 
sence of this formation in the fault segment east 
of Winchester, Virginia. It is believed that a 
period of erosion separated New Market from 
Lincolnshire deposition during which consider- 
able relief developed on the top of the New 
Market limestone. The Lincolnshire deposits 
were laid down on this undulating surface. The 
local undulations on this surface may also be 
seen at the type section of the New Market in 
Madden quarry at New Market, Virginia, as 
well as at Bunker Hill. 

Since Lincolnshire deposits are widespread, 
relatively thick, and persistent through Vir- 
ginia to the southern environs of Winchester, 
and absent north of Bunker Hill, one must con- 
clude either that a deposition maximum was 
located somewhere south of Winchester, with 
thinning or nondeposition to the north, or that 
deposition was considerably more widespread 
than present distribution indicates, and post- 
Lincolnshire, pre-Chambersburg erosion has re- 
moved a considerable thickness. The author 
believes that the limits of distribution of the 
Lincolnshire limestone are only slightly less 
than those of its deposition. Uppermost New 
Market maintains a thickness of about 75 feet 
in Maryland and southern Pennsylvania, which 
supports this interpretation. Had there been 
significant post-Lincolnshire erosion whose ef- 
fects were strongest in northern areas, then 
progressive thinning of uppermost New Market 
might be expected. That this is not the case is 
Suggested by the recognition of similar beds 
50 to 80 feet thick called the Clover member of 
the Loysburg limestone (Kay, 1944, p. 3), a 


possible New Market equivalent, in central 
Pennsylvania. 

Probably, therefore, Lincolnshire limestone 
was not deposited much farther north than 
Bunker Hill, West Virginia. 

A contact with little apparent relief separates 
the Edinburg or Chambersburg limestone from 
the subjacent formation, which is either the 
New Market or the Lincolnshire limestone. 
The Edinburg, or Chambersburg, is lithologi- 
cally and faunally distinguishable from the 
underlying formations. A distinctive fauna 
characterized by new elements including Echi- 
nosphaerites sp., Lambeophyllum sp., Christiania 
sp., Skenidioides sp., Corineorthis sp., and a host 
of others distinguishes the Edinburg-Chambers- 
burg beds from the underlying New Market or 
Lincolnshire limestones. 

The contact between these beds and the 
underlying formations is sharp and smooth 
wherever seen. Some erosion, at least in the 
southern areas, during the interval represented 
by this contact is suggested by the erratic oc- 
currence of beds correlated with the Lincoln- 
shire limestone between Winchester, Virginia, 
and Bunker Hill, West Virginia. 

Thus, assuming that the Lincolnshire was 
deposited over an uneven surface, post-Lincoln- 
shire, pre-Edinburg erosion appears to have 
removed all Lincolnshire and probably some 
New Market deposits at some of the high 
points on this surface, leaving remnants of 
Lincolnshire limestone in the depressions. Uni- 
formity of upper New’ Market beds in the 
northern region suggests that that region was 
relatively stable, at or very near sea level. 


INTERREGIONAL CORRELATIONS 
General Statement 


Any interregional correlations are speculative 
and depend upon the amount and validity of 
the data. Southern correlatives of the beds 
under consideration have been the subject of 
careful study during recent years. However, in 
Pennsylvania the pre-Hatter beds have received 
but little attention, and their faunas are vir- 
tually unknown. In New York Raymond’s 
careful study of the Chazy is 40 years old, and 
there is urgent need for a reinvestigation of this 
fauna in light of modern detail in generic and 
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TABLE 4.—CORRELATIONS OF THE LOWEST MmpLE ORDOVICIAN 
Standard Tazewell Co., Va. Shenandoah Valley Maryland Central Penna. 
Cooper and Cooper, 1946 
Black River Ward Cove Edinburg Chambersburg ?Hatter? 
Lincolnshire Lincolnshire T. syringop. facies of 
Lincolnshire 
Five Oaks Whistle Creek Whistle Creek ?Loysburg? 
Upper Chazy Blackford New Market New Market 
Canadian Beekmantown 
Kay, 1947 (A. A. P. G., August 1948) 
Pamelia Benbolt 
Peery 
Hatterian | Ward Cove Edinburg Shippensburg Hatter 
Thompson Valley 
Valcour Lincolnshire Lincolnshire ‘SRR REARS 
Crown Pt. Five Oaks Whistle Creek Clover 
“Stones River” 
Day Point | Blackford New Market Loysburg 
ARZEAE MARSA RTARAMMAATEAAA AMMAR MMMM EES 
Canadian | Beekmantownian 
Neuman, this paper 
Black River Benbolt Edinburg (lower) | Chambersburg 
Ward Cove (lower) Hatter 
Lincolnshire Lincolnshire TIIIIIIIAI AIA 
Pamelia Five Oaks New Market = New Market Clover 
a & Loysbur 
rw g ysburg 
Middle and Up- |Blackford Whistle Creek - Row Park (Not investigated) 
per Chazy 
Canadian Beekmantown 








specific discrimination. Young (1943) studied 
the stratigraphy of the Black River group, but 
there have been no careful studies of the faunas 
in these formations at their type areas since the 
pioneering investigations of James Hall almost 
a century ago. 


Row Park Limestone 


The Row Park limestone occupies the same 
position in the stratigraphic column of Mary- 
land and adjacent States as does the Whistle 
Creek limestone in the northern Shenandoah 


Valley of Virginia. The Whistle Creek has not 








been 
and 
of Be 
mate 
the | 
the 
tions 
tinct 
Park 
Whis 
consi 
by C 
Coop 
tion) 
lard), 
comn 
nitior 
near! 
lishec 
Rostr 
ton a 
logic : 
be re! 
to th 
stone: 
stone 
limes' 
facies 
Whist 
Moshi 
Tenne 
limest 
1946, 
Essen 
Moshi 
Row | 
larly « 
them, 
these | 
in sor 
Coope 
Pro 
Cessior 
Lenoir 
Virgin 
age se 
Strata, 
the Fj 
Creek 
miles 
(Coop. 








ro 














INTERREGIONAL CORRELATIONS 303 


been identified north of the Lexington area, 
and the Row Park is not certainly present south 
of Bessemer, West Virginia. Therefore, approxi- 
mately 150 miles separates the Row Park from 
the Whistle Creek outcrops. The distance and 
the faunal differences between the two forma- 
tions are considered sufficient to justify a dis- 
tinct name for the strata here called the Row 
Park limestone, rather than to extend the term 
Whistle Creek limestone into the area under 
consideration. Such an extension was suggested 
by Cooper and Cooper (1946, p. 70), but G. A. 
Cooper has since stated (personal communica- 
tion) that the absence of Dinorthis holdeni (Wil- 
lard), and specific differences in genera that are 
common to both formations, require the recog- 
nition of the two as distinct, though perhaps 
nearly contemporaneous, formations. Pub- 
lished description of the strata that contain 
Rostricellula pristina (Raymond) in the Staun- 
ton area (Cooper and Cooper, 1946, their Geo- 
logic section 29, Units 1-3) suggests they should 
be referred to the Whistle Creek, rather than 
to the New Market, and that the dove lime- 
stones between these and the Lincolnshire lime- 
stone (Units 4 and 5) represent the New Market 
limestone. If so, there is also a similarity in 
facies development between the Row Park and 
Whistle Creek limestones as there is in the 
Mosheim-Lenoir relationships in northeastern 
Tennessee, where dove vaughanites and dark 
limestones are recognized (Cooper and Cooper, 
1946, p. 51-52) as contemporaneous lithofacies. 
Essentially the same genera are present in the 
Mosheim-Lenoir, the Whistle Creek, and the 
Row Park limestone faunas. Species, particu- 
larly of the orthids as G. A. Cooper recognizes 
them, differ; further collections and study of 
these forms may reflect geographic distribution 
in some of their specific characters (G. A. 
Cooper, personal communication). 

Prouty (1946, p. 1150-1151) cited the suc- 
cession of Lincolnshire limestone over Mosheim- 
Lenoir in eastern Tennessee. In the Staunton, 
Virginia, area, beds of probable Whistle Creek 
age separate Beekmantown and New Market 
Strata. A vaughanite questionably assigned to 
the Five Oaks limestone lies between Whistle 
Creek and Lincolnshire limestones about 5 
miles southwest of Middlebrook, Virginia 
(Cooper and Cooper, 1946, their Geologic sec- 





tion 38). The Row Park limestone with vaugh- 
anite and granular limestone facies rests on the 
Beekmantown dolomite and is overlain by New 
Market limestone in the area of this paper. 
Thus the Mosheim-Lenoir, Whistle Creek, and 
Row Park limestones: (1) occupy the same 
stratigraphic position, (2) have very similar 
facies relationships, and (3) contain generically 
comparable suites of fossils. Therefore, they are 
considered essentially contemporaneous”*. 

The Blackford formation of southwestern 
Virginia (Cooper and Prouty, 1943; Cooper, 
1944) contains considerable fine clastic mate- 
rial, but also has dark, cherty limestones that 
bear the fossils which definitely link it to the 
Mosheim-Lenoir, Whistle Creek, and Row Park 
limestones. 

Formations comparable to these are not 
known in Pennsylvania north of the Chambers- 
burg area. Information on the lower part of the 
Loysburg limestone and the upper part of the 
Bellefonte dolomite is contradictory and inade- 
quate. The so-called Chazyan, Carlim lime- 
stone, of central Pennsylvania has, in part at 
least, been referred to the Hatter of Black 
River age (Kay, 1944). 

The Row Park fauna is most closely related 
to the fauna of the Chazy of the Lake Cham- 
plain area of New York as described by Ray- 
mond (1906 ef seg.). The affinities of six Row 
Park species are with New York middle Chazy 
species. Rostricellula plena (Hall) ? is linked 
with a species considered critical for the identi- 
fication of the upper Chazy. Camerella plicata 


* While this paper was being tergenee for the 

ress the writer was informed by B. N. Cooper in 
etters of November 30 and December 12, 1950, 
as to his opinions on the correlation of the rocks 
herein described with those in Virginia. Cooper’s 
recent work in Catawba Valley, 3 miles east of 
Blacksburg, Virginia, reveals three formations below 
the Whistle Creek: a basal calcarenite with Rostri- 
cellula pristina; impure cherty limestones with 
Mimella nucleus and other Chazy fossils; and 
stratigraphically variable dove limestones. Cooper 
believes that the Row Park is equivalent to these 
three eS and to the Whistle Creek. 

Cooper em ized that Rostricellula pristina is 
restricted to ny impure or calcarenitic beds in 
Virginia, representing initial post-Beekmantown 
deposition. Thus beds bearing R. pristina and some 
succeeding beds should not be combined in the 
same unit with limestones of Whistle Creek age. 

He concludes that the Rostricellula beds of the 
Staunton area and those at Lenoir, Tennessee, 
should be considered of pre-Whistle Creek age. 
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(Schuchert and Cooper) is the only species iden- 
tified in the Row Park limestone that is con- 
sidered conspecific with with a species reported 
elsewhere only from higher beds (Ridley lime- 
stone). Those forms for which only generic 
assignment can now be made do not conflict 
with a Chazy correlation of this suite. 

Thus, on the basis of stratigraphic position 
and faunal content, the Row Park limestone 
appears to be equivalent to the middle and per- 
haps the upper Chazy limestone of New York. 


New Market Limestone 


The New Market limestone of the type sec- 
tion and the area under consideration occupies 
the same stratigraphic position as does the Five 
Oaks limestone in southwestern Virginia 
(Cooper and Prouty, 1943). The small faunal 
lists from the Five Oaks indicate they are pale- 
ontologically comparable. The New Market is 
the same as the Mosheim of Butts where it is 
the lowest vaughanite in the section—t.e., where 
the Row Park or type Mosheim equivalents are 
absent as in the Winchester area. These beds at 
Marion, Pennsylvania, have also been referred 
to the Lowville (Butts e¢ al., 1933, p. 16; Butts, 
1940, p. 170), and where they occur elsewhere 
as the second vaughanite in the Middle Ordovi- 
cian sequence they also have been thus cor- 
related. 

The present investigations demonstrate the 
occurrence of lithologically similar dove 
vaughanites in the Row Park limestone as well 
as in the New Market limestone. Since Cooper 
and Cooper (1946, p. 73) considered vaughanite 
lithology a guide to the identification of the 
New Market, some beds identified by them as 
New Market in the Lexington-Staunton area 
may be a vaughanite facies of the Whistle Creek 
limestone. The occurrence of Rostricellula pris- 
tina (Raymond) in the basal “New Market” 
calcarenite at Staunton (Cooper and Cooper, 
1946, p. 73) and the absence of corals from the 
lowest beds included in the formation in that 
area supports this possibility. The New Market 
limestone, therefore, should be redefined to 
include only beds equivalent to those exposed 
in the type section. 

Inasmuch as the Row Park limestone is cor- 
related with the Whistle Creek limestone of the 
Lexington-Staunton area, seemingly the New 


Market and Whistle Creek were originally pro- 
posed in inverse order. In the classification 
herein proposed, the New Market is assigned 
the higher position (Table 4). 

The New Market limestone may be traced 
northward into beds correlated with the Loys- 
burg limestone west of St. Thomas, Pennsyl- 
vania. Description of the Loysburg limestone 
in central Pennsylvania, including striped, 
nonmagnesian, and laminated magnesian lime- 
stones, overlain by the “‘sub-lithographic” Clo- 
ver member (Kay, 1944, p. 5), strongly re- 
sembles the lithologic composition of the New 
Market limestone in Maryland. The basal rela- 
tionships of this formation remain undescribed, 
so its position in the column is uncertain. Kay 
names Tetradium, Cryptozoon, Solenopora, and 
Bathyurus from these beds and suggests corre- 
lation with the “Stones River” of Maryland. 
Further faunal investigations may prove that 
at least the upper part of the Loysburg is equiv- 
alent to the New Market limestone. 

Since it was suspected that the paleontologic 
affinities of the New Market limestone were 
with the Pamelia limestone of New York and 
Ontario, the author with H. E. Vokes and T. 
W. Amsden made a reconnaissance examination 
of the Pamelia limestone from East Martins- 
burg to Clayton, New York. Three days of field 
work and subsequent laboratory examination 
of the resulting collections brought out the fol- 
lowing points: 

(1) The only exposure of a complete section 
of the Pamelia in this area is along Roaring 
Brook near East Martinsburg. Here basal Pam- 
elia beds are arkosic and rest on granite (Young, 
1943, p. 227). Tetradium syringoporoides Ulrich 
and leperditiid ostracods were collected from a 
bed 22 feet above the basal contact. Above this, 
44 fect of unfossiliferous, sandy dolomitic lime- 
stone is overlain by the Lowville limestone 
bearing Tetradium cellulosum (Hall). 

(2) The upper 23 feet of limestone identified 
as Pamelia (Cushing ef al., 1910, p. 83; Young, 
1943, p. 222) along Mill Creek in the south- 
eastern part of the village of Lowville contains 
Lowville brachiopods* and Tetradium cellulo- 
sum (Hall). 

(3) Strata identified as upper Pamelia west 
of the railroad overpass at Calcium (Sanfords 


4 Identified by Dr. G. A. Cooper. 
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Corners) (Cushing ef al., 1910, p. 75; Young, 
1943, p. 229) contain Tetradium cellulosum 
(Hall) in their upper part. At least part of these 
strata must, therefore, be referred to the Low- 
ville. 

(4) Four miles west of Clayton, Pamelia beds 
50 feet thick are dominantly dolomitic, but 
interbedded limestones contain undescribed 
fossils. 

(5) The section in the road cut east of the 
village of Depauville (Young, 1943, locality 30) 
exposes green, sandy dolomites in its lower part. 
These pass upward into gray dolomite, and in 
the uppermost, eastern part of the exposure 
dove limestones with Tetridium cellulosum 
(Hall) occur. 

These brief investigations of the Pamelia 
limestone in its type area led to the following 
tentative conclusions: 

(1) The Pamelia as a lithologic unit is char- 
acterized by its dolomitic content, but contains 
dove limestones similar to those typical of the 
overlying Lowville. 

(2) Fossils of Lowville age occur in the lime- 
stones above the dolomitic beds. In some in- 
complete sections lower Lowville was misidenti- 
fied as Pamelia limestone, which probably 
contributed to the assembling of a Pamelia fau- 
nal list that includes some Lowville forms as 
well as those confined to the Pamelia. 

(3) Tetradium syringoporoides Ulrich is the 
only described fossil whose occurrence in the 
Pamelia limestone in New York can be con- 
firmed. 

Tetradium syringoporoides Ulrich and an un- 
identified ceramoporid bryozoan are the only 
forms that link the Pamelia limestone of New 
York with the New Market limestone of Mary- 
land. 

The Pamelia limestone in the Ottawa Valley 
of Ontario and Quebec (Wilson, 1932) contains 
the following fossils found also in the New 
Market of Maryland: 

Tetradium syringoporoides Ulrich 
(= T. cylindricum Wilson) 
“Fletcheria” sinclairi Okulitch 
Actinoceroid cephalopod 

Brachiopods identified from the Pamelia of 
Canada (Wilson, 1946b) were not found in 
Maryland. 

Lichenaria cooperi n. sp. and Prismostylus 
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marylandicus n. sp. are unknown from other 
localities, as are the less well-known corals and 
the strophomenid brachiopod already described. 

Thus, of the previously described fossils 
found in the New Market, one species is com- 
mon to the Pamelia both in New York and On- 
tario; one occurs in the Pamelia of Ontario. 
One unnamed bryozoan in the New Market has 
Pamelia affinities, and one unnamed cephalopod 
is similar to a Pamelia form from Ontario. At 
least 2 New Market species are not known else- 
where, and the brachiopods of the Pamelia in 
Ontario have not been identified in the New 
Market limestone in Maryland or adjacent 
States. On this basis, the nearest correlative of 
the New Market limestone in the standard sec- 
tion is the lowest Black River, Pamelia lime- 
stone. 

The stratigraphic position of the Pamelia is 
itself a subject of controversy. Wilson (1932; 
1946a) stated that in the Ottawa Valley it over- 
lies upper Chazy equivalents bearing Rostricel- 
lula plena (Hall). Comparison of specimens 
collected from this area with R. plena from the 
Valcour limestone of New York in the collec- 
tions of the U. S. National Museum showed 
that the Ottawa Valley specimens were con- 
sistently smaller and rounder than those from 
New York, suggesting that they are a distinct 
species. Inasmuch as Raymond (1905, p. 562) 
lists fossils from the Ottawa Valley Chazy that 
are characteristic of the middle Chazy of New 
York, correlation of the Ottawa Valley Chazy 
with the Valcour is quéstionable. That Pamelia 
limestone overlies upper Chazy equivalents in 
this area is, therefore, also questionable. 

Thickening of the Pamelia as the Chazy 
equivalents thin from Montreal westward to 
Ottawa suggests a possible facies relationship 
between the two formations. 

Thus, the post-Chazy age of the Pamelia 
limestone is not proved. Furthermore, the fauna 
in the “sub-lithographic” limestone that over- 
lies the Valcour beds in the Champlain Valley 
should be investigated, for seemingly these beds 
have been assigned to the Lowyville on litho- 
logic grounds, without ample paleontologic veri- 
fication. 

Summarizing the stratigraphic position of 
the Pamelia limestone from available evidence: 
(1) The Pamelia in the Black River country 
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of New York rests on crystalline rocks and is 
overlain by the Lowville limestone whose lower 
beds have frequently been included in the 
Pamelia. 

(2) In the Ottawa Valley the Pamelia lime- 
stone overlies limestones of Chazy age, but 
they are perhaps partially contemporaneous. 

(3) There is no evidence to confirm Ulrich’s 
contention (1911) that the Pamelia is younger 
than Crown Point and older than Valcour. 

Since the New Market overlies probable 
Chazy equivalents, and is overlain by beds that 
contain a rich fauna of Black River aspect, 
stratigraphic and paleontologic evidence sug- 
gests that the New Market is equivalent to the 
Pamelia limestone. 

Assignment of Pamelia age to the New Mar- 
ket conflicts with Kay’s (1944) and Craig’s 
(1949) correlation of beds bearing Cryptophrag- 
mus antiqualus (Raymond) within the Cham- 
bersburg with the Pamelia. Cooper and Cooper 
(1946, p. 58-59) pointed out the wide strati- 
graphic range of Cryptophragmus antiquatus; 
Young (1943, p. 233) found it in Ontario at one 
locality which he considered Pamelia and at 
one New York locality in the Lowville lime- 
stone. The paleontologic and stratigraphic af- 
finities of the New Market limestone in the 
area of investigation seem closer to the Pamelia 
than do those of the Cryplophragmus-bearing 
beds within the Chambersburg. 


Lincolnshire Limestone 


Cooper and Cooper (1946, p. 78) suggested a 
post-Chazy age for the Lincolnshire limestone. 
Whether it be a facies of the New Market or 
of post-New Market age, this suggestion is 
confirmed by these investigations. The author 
sees no necessity for a post-Chazy, pre-Black 
River interval (lower Bolarian of Kay, 1947) 
to accommodate this formation, since in part, 
at least, it clearly overlies equivalents of some 
portion of the Pamelia. Inasmuch as Lowville 
fossils are found in vaughanites above the base 
of the Chambersburg, further evidence of the 
equivalency of the New Market and the Lin- 
colnshire should be sought. Field evidence, 
however, suggests that the Lincolnshire uncon- 
formably overlies the New Market and is, 
therefore, late or post-Pamelia in age. 


GEoLocic SECTIONS 


The following geologic sections describe al- 
most all exposures where lower and upper con- 
tacts of the formations concerned were seen, 
Within the sections lithologic units are general- 
ized so that beds conspicuous in the field are 
equally distinguishable in the descriptions. One 
exception, the nearly complete exposure at 
Pinesburg Station (Geologic section 16), is de- 
scribed in smaller units because it is the best 
exposed section. 

Locations of these sections are plotted on the 
maps (Pls. 1, 3). Most of the Virginia and West 
Virginia sections are plotted into a correlation 
chart of columnar sections (Pl. 2). Representa- 
tive Maryland and Pennsylvania sections are 
included in a block diagram (PI. 4) to illustrate 
progressive thickening and facies variations. 


GrEoLocic SECTION 1.—NEW MARKET AND 
LINCOLNSHIRE LIMESTONES 


0.6 mile southeast of Kernstown, Virginia, in a 
pasture on north side of county road 652; exposures 
fair. Beds strike N. 40° E. and dip 80° SE.§ 


Unit Description Thickness 
(Feet) 
Edinburg limestone; dark gray, 
fine-grained, cobbly limestone, with 
siltstone, 2 feet thick, 17 feet above 
base. ’ 
(Lincolnshire limestone, 93 feet) 

5. Dark gray, coarse-grained lime- 
stone; Bryozoa. . ave 8 

4. Gray, very fine- grained Renstene; 
leperditiid ostracods. . oe 5 


3. Dark, granular limestone, with 
moderate amount of black, nodular 
chert; Girvanella sp. and large 
strophomenid brachiopod...... .. : 80 
(New Market limestone, 90 feet) 
2. Dove vaughanite, thick-bedded, 


NS een 50 
1. Dove vaughanite, thin-bedded; 
weathered surface laminated...... 40 


Beekmantown, dolomite member; 
gray, sugary dolomite, weathered 
surface chalky, cross-hatched; at 
least 50 feet exposed. 


5 See also Edmundson (1945, p. 26) 











50 
plant 
Wink 
strik 


Unii 


(Linc 


(New 


GEOL 


High 
Wincl 
poor); 


Unit 


(New 

















GEOLOGIC SECTIONS 


Grotocic SECTION 2.—NEWw MARKET AND 
LINCOLNSHIRE LIMESTONES 


500 feet northeast of American Brakeblock Co. 
plant, 1.0 mile south of southern city limits of 
Winchester, Virginia; exposures in field poor. Beds 
strike N. 30° E. and dip 70° SE. 


Thickness 
(Feet) 


Unit Description 


Edinburg limestone; dark gray, 
cobbly limestone, with siltstone 
2 feet thick about 5 feet above low- 
est beds exposed; base not seen. 
(Lincolnshire limestone, 80 feet thick) 
3. Dark gray, fine- to coarse-grained 
limestone, sparsely cherty; Giroa- 
nella sp.; a 10-foot covered interval 
between lowest Edinburg and high- 
est Lincolnshire outcrops... ...... 80 
(New Market limestone, 130 feet) 
2. Dove vaughanite, thick-bedded, 
nonlaminated. . eadctare 85 
1. Dove vaughanite and gray, ‘fio 
grained limestone, yellow lami- 
nated. . epee 45 
Beckmantown, dolomite monaber, 
light gray, sugary dolomite; weath- 
ered surface chalky; at least 100 
feet exposed. 


GroLocic SEcTION 3.—NEw MARKET LIMESTONE 


0.5 mile south-southeast of junction of U.S. 
Highways 50 and 522 at southern city limits of 
Winchester, Virginia; section measured in pasture, 
poorly exposed. 


Unit Thickness 


(Feet) 


Description 


Edinburg limestone; gray, medium- 
to fine-grained, cobbly limestone 
containing Echinosphaerites, Christ- 
tana, and other fossils, with silt- 
stone, 3 feet thick, 10 feet above 
base. 

(New Market limestone, 170 feet) 

2. Dove ew thick-bedded, 
nonlaminated. . es ‘ 
Covered. as 40 

1. Dove veughenite and j stay, to. 

grained limestone, yellow lami- 
nated. . pee 30 
Beekmantown, dolomite snasaien: 
gray and light gray, sugary dolo- 
mite, at least 100 feet well exposed 
in abandoned quarry. 
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Geotocic SEcTION 4.—NEW MARKET AND 
LINCOLNSHIRE LIMESTONES 


South bank of Redbud Run, 2.2 miles northeast 
of center of Winchester, Virginia, and about 1 
mile east of U. S. Highway 11 at York Inn. Beds 
strike N. 10° E., and dip 45° E. 


Unit Thickness 


(Feet) 


Description 


Dark-gray, fine-grained, cobbly 
limestone containing Christiania 
sp., Leplaena sp., and many 
other fossils, with siltstone, 2 feet 
thick, 20 feet above base. 
(Lincolnshire limestone, 70 feet) 

3. Dark-gray, fine- to coarse-grained 
limestone; chert abundant at a few 
horizons; Girvanella sp. and stro- 
phomenid brachiopods........... 70 

(New Market limestone, 120 feet) 

2. Dove vaughanite, thick-bedded 
and nonlaminated.. ~ 80 

1. Dove vaughanite oad | gray, ‘fine- 
grained limestone; thin beds of 
fragmental limestone; yellow lami- 
nations on weathered surfaces; 
Tetradium syringoporoides Ulrich. . 40 
Beekmantown, dolomite member; 
gray, sugary dolomite, more than 
50 feet exposed. 


Grouocic SecTION 5.—NEW MARKET AND 
LINCOLNSHIRE LIMESTONES 


"Hiatt Run, 1.0 mile southwest of Stephenson, 
Virginia; section measured in pasture about 1000 
feet east of U. S. Highway 11, just north of road 
663; exposures poor. Beds strike N. 20° E. and dip 
45° E.6 


Unit Thickness 


Description ten 
Edinburg limestone; dark, cobbly 
limestone containing Christiana sp. 
and many other fossils; siltstone, 2 
feet thick, 10 feet above lowest out- 
crop. 
(Lincolnshire limestone, about 70 feet) 
Covered. Tere 20 
4. Dark, beoges, guess lime- 
stone, siliceous; Girvanella sp. 10 
3. Dark, blue-gray, granular lime- 
stone with abundant, black, nodu- 
ag, ee Pr ee ere 40 


6 See also Edmundson (1945, p. 25) 
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Unit Description Thickness 
(Feet) 
(New Market limestone, 80 feet) 
2. Dove vaughanite, een 
nonlaminated............ 30 
1. Dove vanghenite and gray, ‘fo 
grained limestone, laminated; Tef- 
radium  syringoporoides Ulrich, 
strophomenid brachiopods and 
leperditiid ostracods............ 50 
Beekmantown, dolomite mensber; 
gray, sugary dolomite, more than 
50 feet exposed. 


GroLocic SECTION 6.—NEW MARKET LIMESTONE 


1 mile west-southwest of Stephenson, Virginia, 
just south of Virginia Highway 274 and west of 
Baltimore and Ohio Railroad; top of section best 
seen 0.4 mile tosouthin barnyard of McCann farm, 
opposite Milburn Cemetery. 


Thickness 
(Feet) 


Unit Description 


Edinburgh limestone; dark-gray, 
granular, argillaceous, cobbly lime- 
stone with Echinosphaerites sp. and 
other fossils, underlain by 2.5 feet 
of siltstone, underlain in turn by 20 
feet of dark-gray, granular, cobbly, 
limestone with Lambeophyllum sp., 
Skenidioides sp., Christiania sp., 
and many other fossils. 
(New Market limestone, 160 feet) 

2. Dove vaughanite, thick-bedded, 
nonlaminated. . 110 

1. Dove euieuiee end gray, ino 
grained limestone; weathered sur- 
face marked by yellow laminae; 
Tetradium syringoporoides Ulrich, 
strophomenid brachiopods, leper- 
ditiid ostracods. . ea 50 
Beekmantown, delenite menor: 
gray and dark-gray dolomite, more 
than 100 feet exposed. 


GeoLocic SECTION 7.—NEw MARKET AND 
LINCOLNSHIRE LIMESTONES 


1.7 miles S. 10°W. of Wadesville, Clarke County, 
Virginia; section in pasture about 500 feet south of 
Virginia Highway 274;poorly exposed. (after Cooper 
and Cooper, 1946, p. 93)? 


Unit Description Thickness 


(Feet) 


Lincolnshire limestone; dark blue- 
gray, granular limestone; Girvanella 


7 See also Edmundson (1945, p. 176) 


Unit Description Thickness 
(Fi 


eel) 
sp.; abundant black, blocky chert 
in soil.. ciate eee 60 
(New Market Rescttone, 70 feet) 
2. Dove vaughanite, thick-bedded, 
not laminated. . me 40 
1. Dove wmuienin and | gray, ‘to 
grained limestone; weathered sur- 
face marked by yellow laminae; 
Tetradium syringoporoides Ulrich... 30 
Beekmantown dolomite 


GeroLocic Section 8.—NEw MARKET LiwesToNE 


0.7 mile south-southwest of Rest, Virginia, in 
pasture about 0.3 mile south of Geologic section 9; 
exposures fair; beds strike N. 15°E. and dip 50°E. 

Unit Description Thickness 
(Feet) 
Edinburg limestone; dark-gray, 
dense, cobbly limestone; poorly ex- 
posed; Echinosphaerites 
(New Market limestone, 140 feet) 

2. Dove vaughanite, thick-bedded, 
nonlaminated; Tetradium n. sp. aff. 
T. fibratum Safiord in lower 10feet.. 90 

1. Dove vaughanite and gray, fine- 

grained limestone, laminated with 

thin, yellow-weathering bands; 

mud cracks. . aoe 50 
Beckmantown, delenite snember: 

gray, sugary dolomite, at least 100 

feet exposed. 


GEoLocic SECTION 9.—NEw Market LIMESTONE 


0.5 mile east of U. S. Highway 11 at Rest, Vir- 
ginia; section poorly exposed in orchard north of 
farmhouse, just east of Pennsylvania Railroad 
tracks.® 


Thickness 
(Feet) 


Unit Description 


Edinburg limestone; prominent 
ledges of dark, gray, cobbly lime- 
stone in field north of orchard; 
Echinos phaerites 
(New Market limestone, 165 feet) 

3. Dove vaughanite, thick-bedded, 
poorly exposed............ 85 

2. Dove veughenite ond gray, io 
grained limestone, laminated...... 50 

1. Gray, fine-grained limestone, inter- 
bedded with gray, sugary dolomite 
that weathers brown. ............ 30 
Beekmantown deleniee 


8 See also Edmundson (1945, p. 23) and Cooper 
and Cooper (1946, p. 92) 
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Grotocic SEcTION 10.—Row Park (?) AND NEw 
MARKET LIMESTONES 


Duncan Run, W. Va., just north of Virginia 
State line, 1.2 miles east-southeast of Rest, Vir- 
ginia; section measured in pasture following stream; 
excellent exposures of full thickness of Chambers- 
burg limestone also seen here. Beds strike N. 20°E. 
and dip 45°E. 


Unit Thickness 


(Feet) 


Description 


Chambersburg limestone; coarse- 
grained, platy limestone with 
Echinos phaerites, underlain by silt- 
stone 2 feet thick, which, in turn, is 
underlain by dark-gray, fine- 
grained, cobbly limestone with 
Christiania sp., 27 feet thick. 
(New Market limestone, 180 feet) 

7. Dove vaughanite, thick-bedded, 
nonlaminated. . 

6. Gray, fine-grained limestone, ¢ some- 
what laminated; weathered surface 
rough; Tetradium sp.. 

5. Gray, fine-grained limestone par" 
dove vaughanite, thin-bedded, 
laminated; Tetradium  syringo- 
poroides Ulrich and ieesnineese 
brachiopods. . ; 

(Row Park (?) Snieshane, 14 feet) 

4. Light-gray dolomite, cross-hatched 
weathered surface. . ee 3 

3. Calcarenite formed of small pebbles 
of limestone in white, icconsn 
matrix.. ; bg ie an ee 1 

2. Ory, sagary dolomite. . oon 8 

1. Gray, fine-grained Senestene, - 
pears to pass laterally into dolomite 
in some places. . nae 2 
Beekmantown, delenite sania: 
light- to dark-gray, sugary, silice- 
ous dolomite, at least 100 feet ex- 
posed. 


110 


20 


50 


GeoLocic Section 11.—NEw MARKET AND 
LINCOLNSHIRE (?) LIMESTONES 


Quarries following strike, 0.5 mile east of Bunker 
Hill, West Virginia. Beds strike N. 15°E. and 
dip 45°E. 


Unit Description Thickness 
(Feet) 
Chambersburg limestone, more 
than 20 feet, lower part as follows: 
Dark-gray, fine-grained, — 
limestone. . 10 


Very argillaceous enestone; essen- 


GEOLOGIC SECTIONS 


Unit 


Description 


tially limestone nodules in shaly 


WB aiid dic tewkatnvchinceltisd eee 


Dark-gray, 
limestone. . ar 
Dack-que, coarse- grained lime 
stone, thin-bedded; Echino- 
sphaerites sp., and Bryozoa. . 


— — 


(Lincolnshire (?) limestone, 0 to 12 feet) 


3. 


Dark-gray, granular limestone and 
calcarenite; lower contact irregular 
annealed to underlying New 
Market; Beairicia sp., stropho- 
menid brachiopod, Eotomaria (?), 
orthocerid cephalopod; varies in 
thickness; maximum measured... . 


(New Market limestone, 170 feet) 


2.5 


a. 


Dove vaughanite, thick-bedded, 
nonlaminated; Tetradium syringo- 
poroides Ulrich and Eotomaria sp... 
Dove vaughanite and darker, fine- 
grained limestone, laminated, 
somewhat argillaceous and thin- 
bedded; Tetradium syringoporoides 
Ulrich, Tetradium n. sp. aff. T. 
jibratum Safford, ceramoporid 
bryozoan; best seen at southern 
end of working quarries. . . 

Beekmantown, dolomite sensor; 
gray to very dark gray, sugary 
dolomite, at least 100 feet exposed. 


309 


Thickness 
(Feet) 


siee 


4 


12 


110 


Gerotocic SEcTION 13.—St. Paut Group: Row 


Unit 


ParK AND New Market LIMESTONES 


0.2 mile northeast of Bessemer, West Virginia, 
about 500 feet southeast of U. S. Highway 11; 
pasture with good exposures. Beds strike N. 20°E., 
dip 65°E. 


Description 


Chambersburg limestone; dark, 
cobbly argillaceous limestone, lower 
+ 5 feet granular, followed by 
much greater thickness of dense, 
fine-grained rock. 


(New Market limestone, 185 feet) 


6. 


5. 


Dove vaughanite, thick-bedded 
and unlaminated; Tetradium 
syringoporoides.. 

Gray, fine- grained limestone ‘and 
dove vaughanite, finely laminated 
and thin-bedded weathering in 
lower part, gradually becoming 
more pure upward; Prismostylus 
marylandicus 1. SP........ 2.20000 


Thickness 
(Feet) 


95 


310 


Unit 


R. B. 


Description 


(Row Park limestone, 30 feet) 


4, 


Dove vaughanite, nonlaminated; 
beds about 1.5 feet thick; calcite 
crystal aggregates in irregular 
masses up to 0.75 inches average 
diameter. . 

Gray, mediem-qnieed Henestone; 
abundant cystid fragments and 
Maclurites magnus Lesueur...... 
Dark-gray limestone, apparently 
fractured shortly after deposition 
and filled with muds bearing small 
(+ 1.5 cm.) concentrically lami- 
nated dolomitic lenses......... 
Dove vaughanite with calcarenite 
lenses; vaughanite weathers some- 
what platy. . 

Beckmantown, dolomite member; 
dense to sugary, cherty dolomite, 
at least 200 feet exposed. 


Thickness 
(Feet) 


10 


10 


Grotocic Section 14.—-St. Paut Group: 


Row Park AND NEw MARKET 


LIMESTONES 


0.15 mile northeast of junction of U. S. Highway 
11 with W. Va. Highways 5 and 8 (Hainesville); 
section about 300 feet NW. of U. S. Highway 11 in 
pasture. Exposures fair, those of Row Park lime- 
stone immediately NE. of crossroads good. Beds 
strike N. 15°E. and dip 65°E. 


Unit 


Description 


Chambersburg limestone; lowest 
beds covered; at least 50 feet of 
dark, dense, cobbly limestone ex- 


posed. 
(New Market limestone, 160 feet) 


12. 


33. 


10. 


2 


Beds that probably include the 
contact covered; estimated thick- 
ness of New Market concealed... . . 
Dove vaughanite in thick beds, 
nonlaminated. . 

Dove vaughanite with fine yellow 
laminae on weathered surfaces; 
several small pebble conglomerates 
in yellow-weathering matrix each 
about 2 inches thick.. 
Dark-gray, fno-guined, ’ ti 
bedded, peaenceaiien lime- 
stone. . Sarenee 


(Row Park Recstenn, 1 feet) 


8. 


7. 


Dove vaughanite, thick-bedded, 


not laminated; ostracods. . 
Very light-gray, fine-grained ‘tine 


Thickness 


(Feet) 


10 


10 


13 


Unit 


NEUMAN—ST. PAUL GROUP 


Description 


stone, thick-bedded; Maclurites 
magnus Lesueur in lower half.... . . 
Gray, mottled with light-gray, 
medium-grained limestone with 
abundant cystoid fragments and 
Maclurites magnus Lesueur....... . 
Dark-gray and gray mottled lime- 
stone; weathered surface irregular 
with some small dolomitic lenses 
about 4 inch long. . 

Dark, blue-gray, fine-grained dle 
mitic ‘Hmestone; weathers dark and 
thin-bedded. . 

Dove venghenite with anuy , mall 


calcite specks. . 
Dark-gray, ine to medium- 
grained, dolomitic limestone; 


weathers dark and thin-bedded. .. . 
Dove vaughanite with many calcite 
specks and small irregular patches 
of dolomitic limestone. . 
Beekmantown, delenite sanuuven: 
fine-grained to sugary, cherty 
dolomite, more than 100 feet 
exposed. 


Thickness 
(Feet) 


10 


12 


Grotocic Section 15.—St. Paut Group, Row 


ParK AND NEw MARKET LIMESTONES 


0.9 mile S. 80°W. from church at Falling Waters, 
W. Va. section on eastward-sloping hillside in 
pasture about 500 feet northeast of county road; 
exposures very good; beds ie N. 05°W. and dip 


55°E. 
Unit 


. gray, fine-grained, 


(New 
13. 


12. 


33. 
10. 


Description 


Chambersburg limestone; dark- 
cobbly lime- 
stone, about 10 feet exposed at 
base of hill. 

Market limestone, 225 feet) 
Dove vaughanite, thick-bedded, 
nonlaminated. . sicher 
Dark-gray, fine-grained, " rough- 
weathering limestone, Telradium 
syringoporoides Ulrich............ 
Dove vaughanite, like Unit 13..... 
Dark-gray limestone, like Unit 12. 
Dove vaughanite, like Unit 13.. 
Gray, fine-grained limestone, Secly 
laminated. . ‘ 

Dove vensfenite: ‘fe aminae 
prominent on weathered surfaces; 
Tetradium syringoporoides Ulrich 


Thickness 
(Feet) 


35 


15 


35 


30 


10 
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GE 


Ab; 
of rail 
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comp] 
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Unit Description Thickness 
(Feet) 


in upper part and Prismostylus 

marylandicus n. sp. near base...... 75 
6. Gray and dove, fine-grained lime- 

stone, thin-bedded with several 

thin beds of fragmental limestone... 19 
5. Gray, fine-grained _ limestone, 

strongly laminated with small, 

rounded pebbles of darker, fine- 

grained limestone; distinctive 

yellow-weathering outcrop........ 1 

(Row Park limestone; 85 feet) 

4. Dove vaughanite with irregular cal- 

cite crystal masses up to 1 inch 

average diameter; thick-bedded 

and nonlaminated. . 58 
3. Dark-gray, medion grained lime- 

stone, dolomitic in upper part; 

weathered surface chalky; abun- 

dant Maclurites magnus Lesueur.. . 9 
2. Dove vaughanite and fine-grained 

limestone in thick beds; Maclurites 

magnus Lesueur rare. 10 
1. Gray and dark-gray, ‘mottled, me- 

dium-grained limestone; weathered 

surface has small, concentrically 

laminated dolomite lenses; 

Maclurites magnus Lesueur...... . . 8 

Beekmantown, dolomite member; 

dense to sugary, cherty limestone 

at least 50 feet exposed. 








GroLtocic Section 16.—St. Pavut Group: 
Row Park AND NEw MARKET 
LIMESTONES 


Abandoned quarry about 500 feet southwest 
of railroad crossing at Pinesburg Station, Maryland. 
Measured section approximately follows traverse 
lines indicated in Figure 4. Exposures virtually 
complete. Attitude of beds varies as indicated in 
Figure 4. 


Unit Description Thickness 
(Feet) (Inches) 


Chambersburg limestone; east 
wall of quarry exposes sharp 
contact of dove limestone under 
dark, cobbly beds of Chambers- 
burg. Nidulites  pyriformis 
Bassler 15 feet above contact 
east of quarry wall and Echino- 
Sphaerites about 20 feet above 
contact along Western Maryland 
Railroad (Fig. 4). Chambers- 
burg thickness varies with dis- 
tance to fault that separates it 
from Martinsburg shale. 








Unit 


GEOLOGIC SECTIONS 


Description 


(New Market limestone, 265 feet) 
(Section measured westward from east 


74, 
73. 


72. 


71. 


70. 


67. 


65. 


62. 


61. 


59. 


58. 


57. 





wall of quarry, within quarry) 
Dove vaughanite, thin-bedded.. . 
Dark-gray, fine-grained lime- 
stone, thin-bedded............ 
Gray, fine-grained limestone with 
small clastic pebbles of dense 
limestone; yellow weathering... . 
Dove, massive vaughanite, thick- 
bedded. . 

Gray and dukqny, mottled, 
fine-grained ne thin- 
bedded at base. . 

Very dack-gray, ‘fine-grained 
limestone, thick-bedded......... 
Dove vaughanite with intercala- 
tions of clastic limestones about 
2 inches thick at 4 to 12-inch 
intervals; Tetradium —— 
poroides Ulrich. . 

Dark-gray, fnoqueined lime 
stone; strophomenoid _brachi- 
opods and leperditiid ostracods... 
Gray, fine-grained limestone with 
small pebbles; yellow weathering 
Dove vaughanite; Tetradium 
syringoporoides Ulrich and 
ceramoporid bryozoan.......... 
Dove vaughanite in beds 4 to 6 
inches thick separated by clay 
seams. é 

Dove veughenite, ‘thin-bedded; 
Tetradium syringoporoides Ulrich 
Dove vaughanite, thick-bedded, 
with one 5S-inch ‘bed of frag- 
mental limestone in middle; 
Tetradium syringoporoides Ulrich 
and leperditiid ostracods........ 
Dark-gray, fine-grained lime- 
stone, fine wavy laminae. . 

Gray and dove, fine- grained 
limestone; abundant Tetradium 
syringo poroides Ulrich. . 
Light-gray, fine-grained ne- 
stone; strong parallel laminae; 
top of unit shows excellent mud- 
cracks. . rere 
Gray, fine-grained ‘Henestone, 
thick-bedded and faintly lami- 
nated; thin bands of undeter- 
mined fossil fragments . . 
Light-gray, fine-grained ‘me 
stone, closely laminated; yellow 
WII hceeccipenescdacigid 





10 


21 


11 


311 


Thickness 
(Feet) (Inches) 


10 


10 





312 
Unit 


56. 


55. 


53. 


52. 


51. 


49, 


47. 


45. 


43. 


42. 


41. 


39, 


R. B. NEUMAN—ST. PAUL GROUP 


Description 


Dark-gray, fine-grained lime- 
stone, irregularly — faint, 
wavy laminae. . ied wane 
Light-gray, fine. grained ime 


stone, fine parallel laminae, 
weathersyellow................ 
Dove vaughanite; irregular, 
Le re ne 
Gray, fine-grained limestone, 


weathers dark. . 

Light gray, iow greined an 
stone, fine parallel laminae; 
weathersyellow............... 
Dove vaughanite; strong wavy 
IS cal Jcaacs sec Gusaatas « 
Dark gray, medium-grained 
limestone, parallel laminae 
yellow weathering............. 
Gray, fine-grained limestone, 
prominent parallellaminae..... . 
Dove vaughanite with wavy 
bands of yellow-weathering lime- 
stone =e. very —_ 
weathered surface. . 

Covered.. ne 

Gray, fine- grined Senestene, 8 ar- 
gillaceous bands weather deeply, 
producing striped surface..... 
Very dark-gray, fine-grained 
limestone; fine parallel laminae. 
Dark gray, fine-grained, non- 
laminated; crowded with small, 
smooth leperditiid ostracods, 
ceramoporid bryozoan are.. 
Dark-gray, fine-grained _lime- 
stone, wavy laminated; actino- 
ceroid cephalopods, leperditiid 
ostracods, and algal colonies 
averaging about adh inches in 
diameter. . ? Wenz 
Dark, beowuiehs au, fine 
grained dolomiticlimestone. .. . . 
Dark-gray, fine-grained lime- 
stone, irregular — 
laminae. . are 
Light- ouny, ‘fine-grained, " thin- 
bedded limestone with thin beds 
of pense conglom- 
erate.. errr rr 
Very light- ny, " fine-grained 
dolomitic a weathers 
brownish yellow. : 

Light- and dusk -gray, mottled 
limestone; weathered surface 
I os 60066 sa axivcocviws 
MIE fai Dice acccdedkeusls 


Thickness 


(Feet) (Inches) 


11 


NS 


24 


10 


10 


10 


11 


Unit 


38. 


37. 


36. 


35. 


34. 


Description 


Light-gray, fine-grained lime- 
stone with small, rounded peb- 
bles of dark limestone. . 

Dark-gray limestone, thick- bed- 
ded, weathered surface striped; 
Tetradium syringoporoides Ul- 
rich and — ostracods 
up to 13cm. long. . 
Gray, fnogrined 
faintly laminated. . 
Dark, fine- grained; " weathered 
surface shows outlines of suban- 
SE wiaon scent nase 
Dove vaughanite; irregular 
weathered surface; orthoceroid 
cephalopods, leperditiid ostracods 


‘tentene, 


(Traverse continued along river bluff) 


33. 


32. 


31. 


29. 


28. 


27. 


26. 


25. 


24. 


23. 


22. 


21. 


Light-gray, fine-grained _lime- 
stone, thin-bedded; chalky 
weathered surface. . 

Gray, fine-grained ‘Tanestone; 
weathered surface shows light 
and dark alternating bands about 
1 inch thick.. ; 
Light-gray, fne- quind > 
mitic limestone, parallel lami- 
Da sis Oihn dase eetkeeee 
Dark-gray, fine-grained lime- 
AER EST MO a ORE ae ea 
Light-gray, fine-grained lime- 
stone, parallel laminated........ 
Dove vaughanite, weathered 
surface very rough; top of bed a 
pebble conglomerate; orthoceroid 
cephalopod. . aiid 

Dove vaughanite with wavy 
laminae, calcite specks; ortho- 
ceroid cephalopods............ 
Gray, fine-grained dolomitic 
limestone; strong parallel 
laminae on weathered surface... . 
Dove vaughanite with thin peb- 
ble conglomerate bands near 
middle of unit and at top; 
leperditiid ostracods............ 
Dove vaughanite; clastic struc- 
ture emphasized on weathered 
A re Peery ee 
Light-gray, fine-grained lime- 
stone, fine parallel laminae.... . . 
Dove vaughanite, wavy lami- 
nated; rough weathered surface. . 
Brownish-yellow, small-pebble 


limestone conglomerate, lami- 
nated near top.. 
(Row Park limestone, 112 feet) 


Thickness 
(Feet) (Inches) 


11 


12 











20 
19 
18. 


17. 


16 


15. 


12. 


il. 


(Rer 








Unit 
) 
20. 
19. 


18. 





16. 


15. 


14. 
13. 


12. 


11. 








Description 


Dove vaughanite, nonlaminated, 
with small specks of calcite...... 
Gray and yellowish-gray clastic 
limstone. . 

Dove vanghanites nodular fing. 
ments seen on weathered surface. 
Gray, fine-grained dolomitic 
limestone; dove vaughanite peb- 
bles in basal 3 inches........... 
Dove vaughanite; leper 
ostracods. . 

Dove vaughanite with ‘large, 
irregular calcite and dolomitic 
masses; unlaminated; base of 
this bed at level of path leading 
from quarry rim to floor of 
Chesapeake and Ohio Canal.... . 
Dove vaughanite, thick-bedded.. 
Light-gray, sugary, dolomitic 
limestone. . 

Dove veughendie; 
inches pebbly. . ieialerdrs 
Gray, medium-grained lime- 
stone, weathered surface chalky; 
Maclurites magnus Lesueur...... 
Calcarenite. . ‘ 

Gray, meliemerinct ‘to 
stone; abundant Maclurites 
magnus Lesueur; Multicostella 
sp., Dactylogonia cf. D. incrassata 
(Hall), “Camerella” longirostris 
Billings, and orthoceroid 
cephalopods. (Base of unit in 
middle of outcrop shown in Pl. 
5, fig. 1).. 


upper 2 


(Remainder ée section » aneomened im 


south-eastern corner of quarry 
down to floor of canal) 

Dove vaughanite; aggregates of 
calcite crystals; Maclurites 
magnus Lesueur in upper 5 feet... 
Dove vaughanite with crystal- 
line calcite and dolomitic lime- 
Stone in small, irregular masses; 
Lophospira sp.. 

Calcarenite. . j 

Dove voughenite with ual 
line calcite and colomitic masses 
as in unit 7.. 

Calcarenite. . ‘ 

Dove venghenite with ‘al, 
irregular dolomitic masses.... .. . 
Light-gray, granular dolomitic 
limestone; brownish weathered 
nn OR at RR ea 


Thickness 
(Feet) (Inches) 


14 


36 


6 
0 


13 


11 


_ 


GEOLOGIC SECTIONS 


Unit 


i. 


Description 





313 


Thickness 


(Feet) (Inches) 


Dove vaughanite with small cal- 
cite specks. . seid 
Beshmantews, ‘delenite mem- 
ber; 380 feet of sugary, siliceous 
dolomite, measured along Chesa- 
peake and Ohio Canal. 


5 


0 


Geotocic Section 17.—St. Paut Group: Row 


ParK AND NEw MarkET LIMESTONES 


0.2 mile west northwest of schoolhouse at Pines- 
burg, Marland; section measured in pasture on 
north side of Maryland Highway 68; exposures 


fair. Beds strike N. 18°E., and dip 75°E. 


Unit 


(New 


(Row 


Description 


Chambersburg limestone; dark- 
gray, fine-grained, cobbly, argil- 
laceous limestone, exposed in 
small quarries along east end of 
pasture; at least 100 feet thick. 
Market limestone, 381 feet) 
Dove vaughanite, thick-bedded, 
nonlaminated; calcite specks and 
Tetradium syringoporoides Ulrich.. . 
Dark-gray, fine-grained _lime- 
stone, crumbly fracturing; 
strophemenoid brachiopods and 
leperditiid ostracods. . 

Gray and light-grer, fno-gealend 
limestone and dove vaughanite, 
beds about 1 foot thick with each 
bed slightly different from next in 
color, texture, or laminar struc- 


Gray and light, fine-grained lime- 
stone like Unit 7, with about 5 per 
cent dolomitic limestone beds; 
several beds contain leperditiid 
ostracods; Prismostylus mary- 
landicus n. sp. 65 feet above base 
of unit.. 

Covered, a which about 10 feet fe is 
probably Row Park limestone. . 

Park limestone, 117 feet including 
about 10 feet concealed at top.) 
Dove vaughanite, thick-bedded, 
with masses of crystalline calcite; 
Maclurites magnus Lesueur........ 
(About 300 feet north of highway 
2-foot bed of dark, granular Jime- 
stone with Maclurites magnus lies 
in position approximately equiva- 
lent to top of this unit.) 

Dove vaughanite with crystalline 
calcite in small specks and larger 


Thickness 
(Feet) 


56 


112 


192 


25 


25 








314 R. B. NEUMAN—ST. PAUL GROUP 


Unit Description Thickness 
(Feet) 
masses; some fills gastropods; 
Lophospira sp.. 20 
3. Light-gray, dnoqueincd, ‘édeniitic 
limestone. . we Ss 
2. Dove veughenite, faintly lani- 
nated, many stylolites. . a 6 


1. Dove vaughanite, thick- bedded 
and nonlaminated with crystal- 
line calcite and dolomitic lime- 
stone in smal) irregular masses; 
includes several thin lenses of 
calcarenite. . , 41 
Lower contact with Beskmantows 
dolomite rises and falls within a 
5-foot stratigraphic distance as it 
is traced across field. Uppermost 
dolomite contains some _ small 
calcite crystals that are common in 
overlying vaughanite. Beekman- 
town, dolomite member; sugary, 
siliceous dolomite, weathering 
brownish gray, forming prominent 
outcrops in western part of field, 
at least 50 feet exposed. 


Geo.tocic Section 18.—St. Paut Group: Row 
PARK AND NEw Market LIMESTONES 


North bank of Meadow Brook, 0.6 mile S. 16°W. 
of U. S. Highway 40 at Wilson, Maryland; top 
130 feet well exposed in small quarries along county 
road, but exposures of beds below only fair. Beds 
strike N. 18°E. and dip 70°E. 


Unit Description Thickness 


(Feet) 
Chambersburg limestone; dark- 
gray, fine-grained _lime-stone, 
cobbly and argillaceous; about 5 
feet exposed on same side of county 
road on which section was 
measured. 
(New Market limestone, 349 feet) 
11. Dove vaughanite in beds 1 to 3 feet 
thick; Tetradium — 
Ulrich. . : 22 
10. Dove vanghanite | in ‘thick beds, 
fine to prominent laminae. . 10 
9. Very dark-gray, Gneguined ‘fee 
stone, irregularly laminated. . ‘ 5 
8. Dove vaughanite, irregularly lami- 
nated with three 6-inch yellow- 
weathering dolomite beds; Ancis- 
trorhyncha ? sp., strophomenid 
brachiopods, and __leperditiid 
Mia 5 sk sas cs ncesise sé 22 


Unit Description Thickness 
(Feet) 
7. Gray and dark-gray, fine-grained 
limestone, irregularly laminated 
with some platy-weathering beds; 
a few thin yellow-weathering beds 
of fragmental limestone interca- 
lated; strophomenid brachiopods, 
Liospira sp., and _leperditiid 
ostracods. 
(This unit extends upward from 
lowest beds exposed in quarries)... 71 
6. Dark-gray, fine-grained limestone, 
strongly laminated or striped.... . . 42 
5. Gray, fine-grained, dolomitic lime- 
stone; fine parallel laminae........ 2 
4. Dove vaughanite; Cryptozoon sp. . 5 
3. Dark-gray to dove, fine-grained 
limestone with about 10 per cent 
of the thickness occupied by brown- 
ish-weathering  parallel-laminated 
dolomitic limestone; limestones 
irregularly laminated and weathered 
surface coarsely striped; about 50 
per cent exposed in field on north 
side of brook... ...... a ee 
(Row Park iniananan 173 feet) 
2. Dove vaughanite, thick-bedded 
and nonlaminated; contains specks 
and irregular masses of crystalline 
calcite up tolinchindiameter..... 153 
1. Dove vaughanite as above with 
irregular masses of dolomitized 
limestone in addition to calcite 
masses; a 10-inch dolomitic bed 
about 8 feet from base. . tated 20 
Beekmantown, deleuite sevalen: 
light- and dark-gray, siliceous 
dolomite at least 50 feet exposed. 


Geotocic Section 19.—St. Paut Group: Row 
PARK AND NEw MArkKET LIMESTONES 


0.2 mile south of U. S. Highway 40 at Wilson, 
Maryland; the Wilson quarry. Limestone was ex- 
tracted from quarry from all but uppermost and 
lowermost beds of New Market. Extremities of New 
Market and Row Park not so well exposed as re- 
mainder of section. Section measured as follows: 
top 100 feet of New Market about on center line 
of ramp leading into quarry ; 220 feet of New Market 
following north wall of quarry; lowest part of New 
Market and Row Park westward across fields from 
southwest corner of quarry. Beds strike N. 15°E. 
and dip 70°E. 
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Unit Description 


Chambersburg limestone; dark- 

gray, dense, fine-grained lime- 

stone, cobbly; poorly exposed along 

eastern fence line; at least 25 feet. 
(New Market limestone, 380 feet) 

9. Dove vaughanite, thick-bedded, 
not laminated; contains about 2 
feet of dark, carbonaceous lime- 
stone near top; poorly exposed.... . 

8. Dove vaughanite with fine, yellow- 
weathering parallel laminae; upper 
55 feet poorly exposed; Tetradium 
' syringoporoides Ulrich, Lophospira 
{SP., strophomenid brachiopods, and 
‘leperditiid ostracods.............. 

7. Gray, fine-grained dolomitic lime- 
stone; fine, parallel laminae, im- 
pressions of mud cracks. . 

6. Dove to dark-gray, fine-grained 
limestone with beds of dolomitic 
limestone forming about 10 per 
cent of sequence; algal reefs and 
fragmental, striped off-reef beds 
(Pl. 6, fig. 1); Prismostylus mary- 
landicus n. sp. throughout unit; 
“Fletcheria’”’ sinclairi Okulitch 50 
feet below top; leperditiid ostracods 
—to lowest beds — at north 
end of quarry. . ena se 

5. Dove,  fine- gales’ “ Nmnestone, 
strongly laminated; top is thick 
bed of Lichenaria cooperi n. sp.; 
lower beds contain strophomenid 


rt and —— 
ostracods. . beteaees 
4, Dark-gray, "pranaler “dolomitic 





limestone, weathers dark brown... . 

(Row Park limestone, 180 feet) 
3. Dove vaughanite in thick beds, 
nonlaminated; contains small, ir- 
regular masses of crystalline calcite 


and dolomitic limestone........... 
2. Gray, sugary dolomite, blocky 
weathering. . ; 
1. Dove veughandte with omeall calcite 
masses. 


Beckmentows, dolomite aumuiber; 
light- and dark-gray sugary dolo- 
mite with thin beds and nodules of 
chert; at least 100 feet exposed. 
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Thickness 
(Feet) 


45 


110 


10 


148 


177 


Gzotocic Section 20.—St. Pavut Group: Row 
ParK AND NEw MARKET LIMESTONES 


North side of U. S. Highway 40 at Wilson, Md. 


315 





Upper beds exposed in road cut, middle portion 
poorly exposed in woods and chicken yard, and 
most of Row Park in pasture below level of highway. 
Same section as measured by Cooper and Cooper 
(1946, p. 50). Beds strike N. 15°E. and dip 70°E. 


Unit Description Thickness 
(Feet) 
Chambersburg limestone; lower 
part dark-gray, dense, cobbly, 


argillaceous limestone containing 
Nidulites pyriformis Bassler, 
Echinosphaerites, Corineorthis, and 


other fossils (see Cooper and 
Cooper, 1946, p. 59), 316 feet 
measured. 


(New Market limestone 385 feet) 

10. Dove vaughanite, thick-bedded 
and little laminated; solution cavi- 
ties; Tetradium  syringoporoides 
Ulrich; upper contact obscured by 
cover. : 40 

9. Dove venshenite & in ry to 12- inchs 
beds separated by 1- to 6-inch beds 
of yellow-weathering, fragmental 
limestone; Tetradium syringoporo- 
ides Ulrich, strophomenid brachi- 
opods, and leperditiid ostracods. . 30 

8. Dark-gray to dove, fine-grained 
limestone alternating with beds 
of gray, fine-grained, parallel 
laminated, dolomitic limestone; 
nonmagnesian limestones contain 
ceramoporid Bryozoa, stropho- 
menid brachiopods, and leperditiid 
ostracods. . es 14 

7. Dark- to dovcene, faoquieed 
limestone and -dolomitic lime- 
stone, strongly laminated and 
striped; contains thin beds of frag- 
mental limestone; algae. . 35 

6. Poorly exposed; dove- to dack-qrey, 
find-grained limestone and buff- 
weathering dolomiticlimestone.... 212 

5. Gray, very fine-grained limestone, 
slightly argillaceous and laminated. 50 

4, Gray, fine-grained dolomitic lime- 
stone, weathers brown. (Exposed in 
small outcrop on eastern side of 
path tochicken yard)............. 1 

(Row Park limestone, 173 feet) 

3. Dove vaughanite, nonlaminated, 
thick-bedded, with small flecks of 
crystalline calcite. . isa 15 

2. Dove vaughanite, nonlaminated, 
thick-bedded, with Maclurites mag- 
nus Lesueur and Lophospira sp.; 
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Thickness 
(Feet) 


Unit Description 

exposed in center of chicken yard 
150 feet north of highway... 5 

1. Dove vaughanite, thick- bedded 
and nonlaminated; small, irregular 
crystalline calcite masses; unidenti- 
fied gastropods. . ee 153 
Beekmantown, dolomite menaber; 
light-gray to gray dolomite, thin- 
bedded weathering; abundant 
chert; at least 100 feet thick (well 


exposed in cuts on highway). 


Geotocic SEcTION 22.—St. Paut Group: 
Row Park AND NEW MarKET LIMESTONES 


Rockdale Run at Hicksville, Maryland. Expo- 
sures fair except where noted below. Bedding strikes 
N. 10° E. and dips 65° E. in lower portion of sec- 


tion, changing gradually to N. 05° E. near top, 


Unit Description — 
Chambersburg limestone; dark-gray, 
dense, cobbly, argillaceous lime- 
stone, poorly exposed; contains 
Nidulites pyriformis Bassler; at 
least 100 feet thick. 
(New Market limestone, 507 feet) 
15. Dove vaughanite, thick-bedded, 
little laminated, poorly exposed 
east of fieldstone house; Tetradium 
syringoporoides Ulrich. . 63 
14. Dove- to dark-gray, Snoquined 
limestone with 1- to 3-foot beds of 
dolomitic limestone forming about 
15 per cent of sequence; limestones 
prominently striped or irregularly 
laminated; unit covers group of 
small pits from which better lime- 
stone is said to have been extracted 
for agricultural purposes. . 217 
13. Dove- to dark-gray limestone with 
dolomitic beds intercalated; weath- 
ered surface of many of the lime- 
stones suggests a breccia; Prismo- 
stylus marylandicus n. sp. at top of 
unit, and a few orthoceroid cepha- 
lopods. . ; 92 
12. Gray and dask-gray, tenguined 


Unit 


11. 


(Row 


Description 


Gray to dove, fine-grained lime- 
stone, irregularly laminated, with 
few beds of dolomitic weenie 
poorly exposed. . 

Park limestone, 328 feet) 

Dove vaughanite, thick-bedded, 
unlaminated, with small irregular 
masses of crystalline calcite 
(County road passes over section 
approximately on this unit)... ... 
Light-gray, fine-grained, dolomitic 
limestone. . 

Light-gray, ‘mele . coarse- 
grained limestone and dolomitic 
limestone; Maclurites magnus 
Lesueur. . 5 5 is aidan a 
Dove veughanite, ‘thick-bedded 
and nonlaminated with small 
masses of crystalline calcite; thin 
calcarenites in lower 20 feet; Lopho- 
Spira sp. and undetermined gastro- 
pods.. 

Light- ener, medion: guiacl, dle 
mitic limestone, weathers dark. . 
Dove vaughanite, thick-bedded 
and nonlaminated; calcite masses, 
many filling unidentified gastro- 
Light-gray, granular wean 
weathers dark . ee 

Dove vanghenlte with email i irregu- 
lar masses of dolomitic limestone. . 
Light-gray, dolomitic limestone. . . 
Dove vaughanite, upper 9 inches 
somewhat granular. . és 
Beekmantown, dolomite manson; 
light-gray, sugary dolomite, buff, 
cross-hatched weathered surface; 
7 feet exposed before beds are cov- 
ered by flood plain of Rockdale 
Run. 


Thickness 
(Feet) 


112 


28 


12 


232 


Geoxocic SECTION 23.—TypE SECTION, 


St. Paut Group 


Row Park and New Market limestones on Boward 
farm, south of U. S. Highway 40, about 500 yards 





limestone, laminated, striped, and 
brecciated, with beds of yellow- 
weathering, parallel-laminated, dol- 
omitic limestone forming about 15 
per cent of sequence; black chert in 
small nodules and thin, discontinu- 
ous beds; forms low bluffs along 
ere 


23 


southwest of St. Paul’s Church, and junction of 
Maryland Highway 57 with U. S. 40. Section meas- 
ured as follows: Row Park at low saddle about 600 
yards southwest of highway; New Market just 
south of fence, 300 yards west of highway. Expo- 
sures good except where noted below. Beds strike 
N. 30° E. and are vertical; oldest beds are to the 
west. 
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Description 


Chambersburg limestone; dark- 
gray, dense, cobbly, argillaceous 
limestone, total thickness from its 
contact with New Market to Mar- 
tinsburg shale, 270 feet. 

Market limestone, 365 feet) 

Dove vaughanite; beds 6 to 24 
inches thick, mostly nonlaminated; 
poorly exposed; Tetradium syringo- 
poroides Ulrich. . ; 

Dove vengiheaite, " thick- bedded, 
with thin beds of yellow-weathe’ 
ing, clastic limestone intercalated. . 
Dark-gray to gray, fine-grained 
limestone, irregularly laminated 
and striped; Tetradium syringo- 
poroides Ulrich and Seen sp. 
(Pl. 6, fig. 3). . ; 

Dove to deste on ‘fesatone, 
strongly striped; about 5 per cent of 
unit is dolomitic limestone; many 
variations of limestone lithology 
changing abruptly from one bed 
to next; Cryptozoon sp. and Pris- 
mostylus marylandicus n. sp..... 
Dark-gray, fine-grained limestone 
and dolomitic limestone, strongly 
striped and mottled; includes bed 
with contorted laminations suggest- 
ing submarine gliding (Pl. 5, figs. 
3, 4); Cryptozoon sp., “Fletcheria”’ 
sinclairi Okulitch at top (Pl. 6, 
fig. 4). Lichenaria cooperi n. sp. 50 
feet above base; orthoceroid cepha- 
lopods and leperditiid ostracods.. . 
Dove vaughanite, with faint paral- 
lel and irregular laminations... .. . 
Park limestone, 120 feet) 

Dove vaughanite, thick-bedded, 
unlaminated; small masses of crys- 
talline calcite; Lophuspira, uniden- 
tified gastropods and leperditiid 
INN 5s Shee ergaieea ass 
Dove vaughanite, thick-bedded, 
unlaminated; small masses of crys- 
talline calcite and small, irregular 
areas of dolomitized limestone; 
basal part may contain thin bed or 
lens of dolomite, depending on 
where it is examined............. 
Beekmantown, dolomite member; 
light-gray and gray, sugary dolo- 
mite with dark weathered surface; 
more than 75 feet exposed. 


Thickness 
(Feet) 


55 


35 


55 


115 


45 


110 


10 





(New Market limestone, 395 feet) 
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GeroLocic Section 24.—St. Paut Group: Row 


ParRK AND NEw Market LIMESTONES 


0.4 mile southeast of Cushwa Fish Hatchery, 


and 1.1 miles southeast of Fairview, Maryland; 
poor exposures in pasture on Irvin farm. Beds 
strike N. 25° E. and dip 75° SE. 


Unit Description Thickness 


(Feet) 
Chambersburg limestone; dark- 
gray, dense, cobbly, argillaceous 
limestone; Nidulites pyriformis 
Bassler; more than 50 feet. 


(New Market limestone, 420 feet) 


7. Dove vaughanite in 6- to 10-inch 
beds, little laminated; Tetradium 
syringoporoides Ulrich............ 65 
6. Dark-gray to dove, fine-grained 
limestone; 10 per cent of unit is 
dolomitic limestone; many varia- 
tions of limestone lithology, chang- 
ing abruptly from bed to bed; 
Tetradium syringoporoides Ulrich 
and ceramoporid bryozoan in up- 
per part, Prismostylus marylandicus 
n. sp. near middle; orthoceroid 
cephalopods and emma ostra- 
cods.. 4 iaheee: “ee 


(Row Park nestone, 21 feet) 


5. Dove vaughanite, thick-bedded, 
nonlaminated; small masses of 
crystalline calcite; Lophospira sp. 


and undetermined gastropods.... . 210 
4. Very light-gray, sugary dolomite. . 4 
3. Dove vaughanite; many specks of 

calcite. . it 1 
2. Light- ery, ‘fan qriined, ‘dolomitic 

limestone. . AP 1 
1. Dove veughenite. and ‘calcarenite 

with crystalline calcite specks.... . 5 


Beekmantown, dolomite member; 
light-gray, sugary dolomite with 
chert; at least 50 feet exposed. 


Geotocic Section 25.—Sr. Paut Group: 
Row Park AND NEw MarkKET LIMESTONES 


0.6 mile west of Hicksville and 0.8 mile SSW. 


of Fairview, Md., in pasture on Duffy farm. Ex- 
posures fair; beds strike N. 30° E. and dip 80° SE. 
Unit Description Thickness 


(Feet) 
Chambersburg limestone; dark- 
gray, dense, cobbly, argillaceous 
limestone, lower 50 feet well ex- 
posed; Nidulites pyriformis Bassler. 
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Unit 


(Row 


R. B. NEUMAN—ST. PAUL GROUP 


Description 


Dove and gray vaughanite, non- 
laminated; beds 8 to 12 inches 
thick; Tetradium syringoporoides 
Ulrich. . p 

Dove and j gray, | fine-grained ine 
stone with beds of dolomitic lime- 
stone forming about 5 per cent of 
sequence; limestones prominently 
laminated; strophomenid brachio- 
pods and aunneen ostracods near 
top.. 

Dove to “ dark-gray "limestone, 
strongly laminated and _ striped 
with some breccialike beds; about 
10 per cent of unit is dolomitic; 
Lichenaria cooperi n. sp. 40 feet 
above base, “Fletcheria” sinclairi 
Okulitch 100 feet above base, and 
Prismostylus marylandicus n. sp. at 
top; Cryptozoon sp. throughout.... 
Park limestone, 183 feet) 

Dove vaughanite, thick-bedded, 
nonlaminated, with small, irregular 
masses of crystalline calcite....... 
Gray, fine-grained dolomite in 3- to 
5-inch beds. . desetache 0 
Dove vaughenite, ‘thick-bedded 
and nonlaminated, with crystalline 
calcite masses. 

Gray, fine-grained ‘dolomite. te 
proximately in this stratigraphic 
position, about 500 feet south of 
traverse, and just north of county 
road, a 3-foot bed of gray, fine- 
grained limestone contains abun- 
dant brachiopods). . 

White calcarenite with Rostricellula 
pristina (Raymond) and Nichol- 
sonella sp.. ‘ . 
Gray, Snoauienl ieiestens with 
abundant large colonies of Nichol- 
sonella sp.. ‘ ‘ 
Rebeuntene, ‘dolomite contains 
gray, sugary dolomite with abun- 
dant chert, more than 50 feet ex- 


posed, 


Thickness 
(Feet) 


235 


72 


20 


10 


13 


25 


Gerotocic Section 26.—Str. Paut Group: 
Row Park AND NEw Market LimEsTONES 


0.3 mile west of Fairview, Md., in pastures on 
north side of Maryland Highway 494; exposures 
fair; beds strike due N. and dip 65° E 


Unis Description Thickness 
(Feet) 


Chambersburg limestone; dark- 
gray, dense, cobbly, argillaceous 
limestone, lower part not well ex- 
posed, middle part well exposed in 
road cuts, top concealed, probably 
faulted; at least 175 feet. 
(New Market limestone, 485 feet) 
5. Dove vaughanite, little laminated, 
in 1- to 2-foot beds. . ieee 25 
4. Gray and dove, fine- grained Mene- 
stone with thin, yellow-weathering 
dolomitic beds intercalated; thin 
beds of fragmental limestone; 
Cryptozoon sp. . ‘ 140 
3. Dark-gray to dove, fine grained 
limestone, strongly laminated or 
striped; weathered surface of some 
beds suggest a breccia; dolomitic 
beds form about 10 per cent of 
unit; Lichenaria cooperi n. sp. 35 
feet above base, Prismostylus mary- 
landicus n. sp. 150 feet above base, 
Tetradium syringoporoides Ulrich 
175 feet above base, and ‘‘Fletch- 
eria”’ sinclairi Okulitch 80 feet be- 
low top, cystid plates near base 
and leperditiid ostracods through- 
SECS See eee 
(Row Park limestone, 435 feet) 
2. Dove vaughanite, thick-bedded, 
unlaminated, with small specks and 
larger irregular masses of crystal- 
MI oii os nodsenicdeceen se 380 
1, Alternating dove vaughanite 
and light-gray, sugary dolomite, 
vaughanites contain small, irregular 
dolomitic areas, some dolomite has 
small flecks of calcite. . 
Beekmantown, dolomite mone; 
light-gray sugary, cherty dolomite, 
at least 100 feet thick; well exposed 
in road cuts. 


wm 
Ww 


Geotocic Section 27.—Sr. Pavut Group: 
Row Park AND New Market LIweEsTONES 


1 mile northeast of Welsh Run, Montgomery 
Township, Franklin County, Penna., 3 miles north 
of Maryland State line. Sections measured along 
traverse lines indicated in Fig. 5. Fault separates 
section into two parts; easternmost includes Cham- 
bersburg limestone and a very thick and well- 
exposed sequence of New Market limestone, Row 
Park limestone not seen here; western part, south 
of West Branch of Conococheague Creek, exhibits 
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entire Row Park limestone with beds tentatively 
identified as New Market limestone at top. 


GroLocic SECTION 27A.—NEw MARKET LIMESTONE 


North of West Branch of Conococheague Creek, 
1.3 miles northeast of Welsh Run, Penna.; section 
measured in pastures, nearly parallel to fence, 
about 500 fret south of county road; beds well 
exposed. 


Unit Description Thickness 
(Feet) 


Chambersburg limestone; dark- 
gray, dense limestone, mostly cob- 
bly and argillaceous; lowest 4 feet 
does not have typical Chambers- 
burg lithology; rather, it is dark- 
gray, fine-grained very argillaceous 
but not cobbly limestone, including 
much limestone conglomerate. 
Whole of Chambersburg to base of 
Martinsburg shale measured 240 
feet. (Stose (1909) maps a fault 
through this formation.) 
(New Market limestone, 710 feet meas- 
ured, no base) 
6. Dove vaughanite, faintly lami- 
nated, thick-bedded; dark-gray bed 
2 feet thick, 7 feet from top...... 22 
5. Dark-gray, fine-grained limestone; 
Tetradium syringoporoides Ulrich. . 18 
4. Dove vaughanite and gray, fine- 
grained limestone, faintly lami- 
nated; formerly quarried for agri- 
cultural lime. . ne 120 
3. Dark-gray, fno-queined limestone, 
strongly laminated and striped; 
Cryptozoon sp. and strophomenid 
brachiopods. . 70 
2. Dark-gray, fno-gnined limestone; 
strongly laminated, and striped, 
some beds appear fragmental; dol- 
omitic limestone forms about 10 
per cent of unit; Prismostylus mary- 
landicus n. sp. 40 feet above base; 
Tetradium cf. T. syringoporoides 
Ulrich 100 feet above base, and 
“Fletcheria” sinclairi Okulitch 20 
feet higher; Cryptozoon throughout. 300 
1. Dark-gray, fine-grained limestone, 
laminated and mottled; abundant 
nodular and massive, black chert; 
“Fletcheria”  sinclairi Okulitch 
forms prominent reefs. (Lowest 
part of this unit, in bottom of small 
valley, poorly — base of 
Wit not Know) ...........00 00008 180 


GrEoLocic SEcTION 27B.—NEw MarkeET (?) AND 
Row Park LIMESTONES 


South of West Branch of Conococheague Creek, 
1.0 mile northeast of Welsh Run, Penna.; upper 190 
feet measured along Pennsylvania Highway 995, 
remainder in pasture east of highway; exposures 
generally poor. 


Unit Description Thickness 
(Feet) 


19. Dark-gray, fine-grained — 
mottled and striped. . Perey 85 

(Row Park limestone, 680 feet). 

18. Gray, medium-grained limestone, 
slightly cross-bedded; scattered 
sand ‘a Rostricellula plena 
(Hall) ?.. cates 20 

17. Dark-gray to ow, fae greined 
limestone, weathered surface mot- 
tled; small fragments of Bryozoa 
and leperditiid ostracods. . 115 

16. Dark-gray, fine-grained enantone, 
weathers mottled; Maclurites mag- 


OE IE oo. co 65 t.50 tr arne encase 46 
15. Dove vaughanite, thick-bedded 
and nonlaminated............... 14 


14, Light-gray, fine-grained, sugary 
dolomitic limestone, weathers 


yellow...... 10 
13. Light-gray, fine-grained fenestons 
with fine, argillaceous laminae. 15 


12. Dark-gray, granular limestones 
with argillaceous mottling partially 
silicified Hesperorthis sp. and Cam- 
erella sp., Maclurites magnus 
Lesueur. . 175 
4%. Light-gray, fine-grained, ‘dolomitic 
limestone, weathered surface yel- 


low and blocky. . me 15 
10. Gray, Sne-grained, ‘mottled- wenth- 

ering limestone. . 7 5 
9. Light-gray, fine-grained, ‘dolomitic 

limestone. - 15 


8. Dark-gray, fne- to mediett grained 
limestone; Girvanella sp. and Mac- 


lurites magnus Lesueur. . i 35 
7. Dark-gray, fine-grained Siuatene, 

mottled; black, nodular chert.. 45 
6. Light-gray, fine-grained, dolomitic 

limestone. . as 20 


5. Gray, fine- grained ‘Timestone with 
small flecks of calcite and irregular 
doloiaitic masses. 30 
4. Gray, fine- grained ‘eestene with 
calcite flecks; varies from limestone 
to dolomite at several places along 
Waa cdcinsnccmadiinsmssenehs 3 
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Thickness 


Unit Description 
(Feet) 


3. Dove vaughanite, thick-bedded, 
with thin calcarenites. . ae 60 
2. Gray, fine-grained enestene with 
crystalline calcite masses and many 
irregular masses of dolomitic lime- 
stone. . ee 7 
1. Gray, fine guinea’ Uencstene, aleer- 
nating with dark-gray to gray, 
sugary dolomite. . dak 50 
Beekmantown, delenite uanashers 
light-gray to sugary dolomite, 
about 50 feet thick, underlain by 
dark, blue-gray limestones of Beek- 
mantown age. 


Geotocic SEcTION 28.—St. Paut Group: Row 
Park LIMESTONE AND NEw MARKET 
LIMESTONE IN PART 


Sylvan Grove, Maryland; section measured in 
pasture east of Maryland Highway 398; exposures 
fair to poor. Beds strike N. 10° E. and are vertical. 


Thickness 


Unit Description 
(Feet) 


(New Market limestone about 200 feet, 
top not seen) 

4. Gray to dove, fine-grained lime- 
stone and vaughanite with minor 
amount of dolomitic limestone; 
strong laminations in limestones; 
few thin, fragmental beds; Prismo- 
stylus marylandicus n. sp., stropho- 
menid brachiopods, _leperditiid 
ostracods, and unidentified gastro- 
pods; to highest exposure........ 200 

(Row Park limestone, 190 feet) 

*. 3. Dark-gray, fine-grained limestone 
banded by slightly argillaceous 
limestone; moderate black, nodular 
chert; Girvanella sp. and Maclurites 
magnus Lesueur........ 80 

2. Dark-gray, fae ‘to medien- 
grained limestone, mottled weath- 
ered surface; sparse black, nodular 
chert; Girvanella sp., cystid frag- 
ments, Maclurites magnus Lesueur, 


and orthoceroid cephalopods..... . 60 
1. Dove vaughanite, thick-bedded, 
unlaminated; poorly exposed... .. 50 


Beekmantown, dolomite member; 
light-gray, sugary dolomite; soil 
contains white, blocky chert; at 
least 50 feet exposed. 


Geotocic Section 29.—Sr. Paut Group: Row 
Park LIMESTONE AND NEW MARKET 
LIMESTONE, IN PART 


0.8 mile east of Worleytown, Antrim Township, 
Franklin County, Penna., 1.6 miles north of Mary. 
land state line; traverse, in pastures west of high- 
way, includes fault so that it included two full 
thicknesses of Row Park limestone and two partial 
sequences of New Market limestone. 


Unit Description Thickness 


(Feet) 

(New Market limestone, exposed in aban- 
doned quarry and eastward, dis- 
torted structurally; gray to dove, 
fine-grained limestone and vaughan- 
ite; strongly laminated; excellent 
mud cracks; contains strophomenid 
brachiopods and leperditiid ostra- 
cods; at least 100 feet thick.) 

(Row Park limestone, 295 feet; beds strike 
N. 20° E. and dip 65° W.) 

11. Dark-gray, granular limestone; 
weathered surface mottled light 
and dark by limestone slightly 
more argillaceous; sparse nodules 
of black chert; Maclurites magnus 
Lesueur (the shell and silicified 
opercula), Mudticostella sp. and 
cystoid fragments. . Bate 180 

10. Dark-gray, fine- gueined iieneatene, 
weathered surface accents - 
mental structure. 2 

9. Dove vaughanite, thick- bedded; a, 
few beds faintly laminated; Lethe. 
spira sp.. Lasiegnsaticntuanena 60 

8. Dove-gray enlcasenlth. 

7. Dove vaughanite, thick- bedded, 
with small, irregular masses of 
crystalline calcite. . Pree 30 

6. Gray, fine-grained Senestene ‘with 
small, irregular masses of dolomitic 
limestone. pau i 20 

(Beekmantown, ddheniine ‘enier, “250 
feet) 

5. Light-gray, sugary dolomite; thick- 
ness from base of Row Park lime- 
stone to fault.. 250 

(New Market limestone, 140 feet; ‘beds 
strike N. 15° E. and dip, over- 
turned, 75° E.) 

4. Dove vaughanite in beds 6 to 10 
inches thick; faintly laminated, 
with rough weathered surface... .. 65 

3. Dark-gray and gray, fine-grained 
limestone, laminated; includes two 
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Unit Description Thickness Unit 
(Feet) 
beds of dolomitic limestone; 
leperditiid ostracods............. 75 
(Row Park limestone, 260 feet) 
2. Dark-gray, medium - to fine-grained 


GEOLOGIC SECTIONS 


Description 


Chambersburg limestone; dark- 
gray, dense, argillaceous, cobbly 
limestone (Cooper and Cooper, 
1946, geologic section 6, p. 55, 56); 










Sketch map of the area 
1.2 MILES S65W OF MARION, PA. 
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Och = Chambersburg limestone. 


limestone, mottled, cherty; cystoid 
fragments and Maclurites magnus 


1. Dove vaughanite, thick-bedded; 
probably thinned by faulting. .... 35 
Beekmantown, dolomite member; 
light-gray, sugary dolomite, mostly 7 
covered by very cherty soil; at least 
50 feet exposed. 


Grotocic Section 30.—St. Paut Group: Row 


6. 
ParK AND NEw MARKET LIMESTONES 


1.2 miles S. 65° W. of Marion, and 1.6 miles 
N. 70° W. of Kauffman, Antrim Township, Frank- 
lin County, Penna. Section measured in field and 
aiong stream north of railroad (Fig. 6). Chambers- 
burg limestone (type section) and uppermost 150 
feet of New Market limestone exposed along 
railroad. 








FicurE 6.—SKETcH Map or ArEA 1.2 Mitzs S. 65° W. or Marion, PENNSYLVANIA 


Type section of Chambersburg limestone is along Pennsylvania Railroad in southwestern part of map. 
Ob = Beekmantown dolomite and limestone; Orp = Row Park limestone; Onm = New Market limestone; 


total thickness measured by Cooper 
and Cooper, 749 feet. 


Lesueur........ 225 (New Market limestone, 460 feet, meas- 


ured both in field and in stream 
valley north of railroad; exposures 
fair) 

Gray and dove, fine-grained lime- 
stone and vaughanite; beds 2 to 8 
inches thick; Tetradium syringo- 
poroides Ulrich and ceramoporid 
I ii. ciains 05 cace.dias dees es oa 
Dark-gray to gray, fine-grained 
limestone and vaughanite with a 
few yellow-weathering dolomitic 
beds; limestones strongly laminated 
and striped; Prismostylus mary- 
landicus n. sp. in lower part, and 
Tetradium syringoporoides Ulrich 
above; higher beds contain Crypto- 
zoom sp., strophomenid brachio- 





Thickness 
(Feet) 


120 
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Unit Description Uhickness 
(Feet) 
pods, Calyptaulax sp., and leperdi- 
tiid ostracods............ 160 


5. Dark-gray, fine-grained limestone, 
strongly laminated and striped; 
abundant nodular to massive chert; 
“Fletcheria” sinclairi Okulitch.... 180 

(Row Park limestone, 545 feet, measured 
in stream valley; poorly exposed) 

4. Dark-gray, fine- to medium-grained 
limestone, mottled weathered sur- 
face; sparsely cherty; cystid frag- 
ments, Mimella sp., “Camerella” 
longirostris Billings.............. 75 

3. Dark-gray, granular limestone, 
mostly thick-bedded; weathered 
surface mottled with argillaceous 
laminae; abundant black chert 
forms discontinuous beds or elon- 
gate nodules; Girvanella and brachi- 

Oped fragmentS....ccicccccs.cee BE 

2. Dark-gray, fine- to medium-grained 
limestone, thick-bedded; weathered 
surface mottled; sparse, black, nod- 
ular chert; abundant Maclurites 
magnus Lesueur................. 215 

1. Dove vaughanite, thick-bedded, 
with irregular flecks and masses of 
crystalline calcite; Lophospira sp. 
and unidentified gastropods. .... . 50 
Beekmantown group; light-gray, 
sugary dolomite, 40 feet thick, 
underlain by gray limestone inter- 
bedded with dolomite. 


Geotocic Section 31.—St. Paut Group: Row 
Park AND NEw MARKET LIMESTONES (PART) 


1 mile northeast of Geologic section 30, and 1.3 
miles east of railroad station at Marion, Penna.; 
section measured in pasture on north side of un- 
named creek; exposures fair. Beds strike N. 55° E. 
and are vertical. Some minor variation in attitude 
of bedding in lower part of section indicates pos- 
sibility of tectonic distortion. Upper part of New 
Market severely distorted and therefore omitted 
from section. 


Thickness 
(Feet) 


Unit Description 


(New Market limestone, 213 feet, top not 
exposed) 

5. Dove vaughanite, gray todark-gray, 
fine-grained limestone, laminated 
and thin-bedded, and light-gray, 
fine-grained dolomitic limestone 


Unit Description Thickness 


(Feet) 
that forms about 10 per cent of 
unit; mud cracks and thin beds of 
fragmental limestone; Cryptozoon 
sp. and Prismostylus marylandicus 

4. Dark-gray, fine-grained limestone; 
weathered surface shows alternat- 
ing dark and lighter bands about 1 
inch thick; abundant black chert in 
lenses, nodules, and _ irregular 
I ii55a abs keen DEAE RE 80 

(Row Park limestone, 330 feet) 

3. Dark-gray, granular limestone- 
thick-bedded; thin, wavy, argilla- 
ceous laminae produce mottled 
weathered surface; rare nodular 
chert; Mimella cf. M. vulgaris 
(Raymond), Hesperorthis sp., Pty- 
chopleurella sp., Camerella cf. C. 
plicata (Schuchert and Cooper), 
“Camerella”’ longirostris Biilings, 
Dactylogonia cf. D. incrassata 
(Hall), Lonchodomas sp., Bryozoa 
and cystid fragments............ 170 

2. Dark-gray, fine-grained limestone, 
slightly mottled by argillaceous 
laminae; Girvanella sp., abundant 
Maclurites magnus Lesueur and 
cystid fragments... ...6< 05 cs0sss 70 

1. Dove vaughanite, thick-bedded 
and unlaminated; small masses of 
crystalline calcite; Lophospira sp. . 90 
Beekmantown group; interbedded 
light-gray, sugary dolomite and 
blue-gray, fine-grained, argillaceous 
limestone; 50 feet exposed. 


133 
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LARGE FLOATING ISLANDS OF THE ARCTIC OCEAN 


By KENNETH O. EMERY AND ROGER REVELLE 


During recent routine weather flights to the 
North Pole, carried out by the 375th Recon- 
naissance Squadron, United States Air Force 
(Operation Ptarmigan), three exceptionally 
large masses of ice have been observed and 
photographed by Air Force Weather Observers. 
These “‘ice islands”’ will be described in a paper 
being prepared by their discoverers; the pur- 
pose of the present communication is to discuss 
their possible origin and to stress the need for 
study by trained geologists. Two of the islands 


found so far are within a few hundred miles of 


the pole, whereas another is about 300 miles 
from Point Barrow. They are 10 to 25 miles in 
diameter, angular to round in outline, and 
apparently somewhat wedge-shaped in vertical 
cross section. They appear to rise at least several 
tens of feet above the ordinary pack ice and 
therefore are believed to be 200 to 1000 feet 
thick. Since, in the area where they have been 
found, the Arctic Ocean is more than 2000 
fathoms deep, the islands must be floating and 
slowly drifting with the subsurface currents. 
During the summer the surface of the floating 
ice islands is uniformly covered by parallel low 
tidges, approximately 500 yards apart, that 


CALCITE DEFORMATION I 


separate elongate ponds or streams. Crossing 
the ridge and valley topography are several 
broadly curving streams, evidently superim- 
posed from courses atop a thick blanket of snow 
which concealed the ridge and valley topog- 
raphy during the previous winter. Possible 
modes or origin of the ice islands are piling up 
and thickening of pack ice on the windward 
shores of Arctic islands, detachment of the 
margins of ice caps, or floating of previously 


submerged Pleistocene shelf ice; but serious 
objection can be raised to all these hypotheses. 
Knowledge of the structure, composition, and 
origin of the ice islands depends on the eventual 
establishment of a base camp upon them, from 
which detailed geomorphological studies can be 
made, and on aerial surveys of their distribution 
and movement throughout the Arctic Ocean. 
Their size and evident stability should give 
them great value as platforms for conducting 
surveys of marine geology, oceanography, and 
meteorology in the Arctic. 


UNIVERSITY OF SOUTHERN CALIFORNIA, Los 
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N THE HARPERS PHYLLITE 


By Jacos E. GAIr 


The examination and measurement of 30 
calcite grains from the Harpers phyllite (Gair, 
1950, specimen D 2) by Dr. Francis J. Turner, 
following publication of Some effects of deforma- 
tion in the Central Appalachians, has shown the 
writer to be in error in stating that calcite was 
deformed by translation along cleavage (1011) 
planes (Gair, 1950, p. 870). Doctor Turner’s 
(written communication) measurements on the 
universal stage show that “all prominent lamel- 
lae are {0112} .. . . measured angles cA {0112} 
are 24° to 30° in nearly all cases.”” The major 





criteria used by the writer in identifying lamel- 
lae were the narrowness of the lamellae traces, 
the even extinction, and, hence, the apparent 
absence of twinning. A few measurements of 
c/\ lamellae such as made by Turner on the 
universal stage were also made by the writer 
but results were not considered conclusive. 
Turner has shown in a publication that only 
recently has come to the writer’s attention, 
that the lamellae of twinned calcite may appear 
as hair-sharp lines, thus causing the grains to 
extinguish evenly (Turner, 1949, p. 600). 
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ORIGIN OF THE HYDROSPHERE 


By J. LAURENCE KuLP 


INTRODUCTION 


The origin of the hydrosphere is an important 
question which must be interpreted in terms 
of the origin of the planet as well as the facts 
of subsequent geological history. W. W. Rubey, 
in his recent presidential address to The Geo- 
logical Society of America, showed by analysis 
of the geochemical cycles in sea water that the 
hydrosphere appears to have come continuously 
from the interior of the earth throughout geo- 
logic time. He was also able to show that if the 
present-day rate of water release from vol- 
canoes, fumaroles, etc., is assumed representa- 
tive of the rate of escape of interior water, the 
calculated amount of water released throughout 
earth history is adequate to prepare the ob- 
served hydrosphere. 

This is consistent with the reasoning of H. 
Brown (1949b) that the atmosphere must be 
largely a secondary phenomenon on the planet. 
Both these ideas are in agreement with the 
geochemical history of an accreting earth as 
postulated by various authors. This concept 
is so revolutionary and is fraught with so many 
interesting implications in geology that any 
additional evidence is important. An indepen- 
dent argument for the origin of the hydrosphere 
from the interior of the earth follows. 

If the fraction of Argon*® which has been 
released from the interior of the earth in geo- 
logic time can be calculated, and this fraction 
used as an index of the escape of water vapor, 
the quantity of water released in geologic time 
can be calculated. It is shown that this quantity 
is the same order of magnitude as the amount 
of water in the hydrosphere, atmosphere, and 
earth crust. The idea for this calculation came 
from a recent interesting paper by Tatel (1950) 
who attempted to estimate the age of the earth 
from the A‘ content of the atmosphere. This 
involved using an unknown quantity—.e., the 
fraction of A which has escaped—to find a 


fairly well known quantity—.e., the age of the 
earth. If the process is reversed and then ex- 
tended in application, some idea of the origin 
of the hydrosphere is obtained. 

If the initial average composition of the earth 
was that of stony meteorites plus some iron 
phase and if the surface temperatures became 
of the order of 1200°K in an early stage of the 
earth’s history, most of any free water would 
have been used up in reaction with metallic 
iron according to the equilibrium constant for 
this reaction. The hydrogen released would 
escape from the planetary atmosphere. If the 
surface temperature were considerably higher 
than 1200°K, even in the absence of free iron, 
most atmospheric water would escape the 
earth’s gravitational field. Hence there are 
reasons for suspecting that the initial hydro- 
sphere was a negligible fraction of the present 
one—.e., there were at first no oceans. 


QuanTiTy OF ArGon*’ PRODUCED 


H. Brown (1949b) has shown that the A® 
is several hundred times too abundant in the 
atmosphere compared to A*® based on their 
cosmic abundance. This is consistent with their 
nuclear properties. It is known that A® is 
radiogenic, being derived from K* by internal 
conversion. Hence the A*® in the atmosphere 
must have been derived throughout geologic 
time from K*. There is far too much A* in the 
atmosphere to have been derived merely from 
the earth’s crust. Only one twenty-fifth of the 
total potassium in the earth is in the crust at 
the present time. (If the granitic crust has 
“grown” through geologic time this fraction was 
far smaller in the past.) If all the A® which 
could be derived from the crust escaped to the 
atmosphere, it would account for only a small 
fraction of the A*® observed. Hence most of the 
A“ in the present atmosphere must have come 
from subcrustal regions of the earth. This, then, 
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points to the transfer of material from the 
earth’s interior to the atmosphere—evidence 
wholly independent of other lines of reasoning. 

In order to make any calculations, the com- 
position of the earth as a whole at the beginning 
of geologic time must be known. For this the 
composition of meteorites must be used with 
the general volume relationship indicated by 
the present metallic core radius. H. Brown 
(1949a) has shown that such an assumption is 
quite reasonable. Further, it is consistent with 
modern theories of the origin of the earth. 

The earth, aside from the core, may be treated 
as homogeneous for the purpose of this discus- 
sion. This can be done because (a) the crustal 
potassium is a minor fraction of the total potas- 
sium content of the earth, and (b) the crust was 
apparently derived from mantle-like material 
by differentiation and/or metamorphism. Tak- 
ing the mass of the earth, exclusive of the core, 
as 4.0 X 10?” gm.; the potassium content of the 
mantle from the value of stony meteorites 
given by Brown and Patterson (1948) as 0.18 
+ 0.02%; and the isotopic abundance of K*° 
as 0.012%, the present K“° content of the earth 
is 8.6 X 10° gm. Next, the quantity of A” 
produced in geologic time must be calculated. 
Using the familiar rate equation 


No = Ne 


where No is the number of potassium atoms 
present at time ¢ = 0, N is the number of 
potassium atoms existing at the present time in 
the earth. The quantity » is the decay constant, 
and ¢ is the time elapsed since the beginning of 
geologic history which will be accepted as 3.3 
X 10° years. Recent direct measurements of 
the half life of K* and the evaluation of the 
fraction of K*° which decays into A“ as against 
Ca“ (Sawyer and Weidenbeck, 1950) are prob- 
ably the best available. This data yields a total 
half life of 1.3 10° years with a corre- 
sponding A of 0.55 x 10-*. The branching 
ratio A*°/Ca* will be taken as 0.1. Using these 
numbers, the weight of K*° disintegrated in geo- 
logic time 
No — N = 43.9 X 107° gm. K*” 

Now if the branching ratio is applied, there 
has been 4.3 x 10°° gm. A* produced since 
t = 0, 

The amount of A® in the atmosphere is 


known quite accurately as 12 gm./cm?. Taking 
the area of the earth’s surface as 5.1 x 10% cm. 
(Rankama and Sahama, 1950) and the abun- 
dance of A*° as 99.6% of the argon, there is 
6.1 < 10! gm. of A” in the atmosphere. 
This means that throughout geologic time 
6.1 x 10% 
4.3 x 1070 


of the A” has leaked out. The rate of leakage has 
probably not been uniform. It was probably 
greater during earlier periods of the earth’s 
history when the radioactive heat was greater. 
The early differentiation of the basalt crust 


xX 100 = 14% 


- probably contributed a few percent of the 


present total. 


QUANTITY OF WATER RELEASED From EARTH’S 
INTERIOR 


Next, it appears reasonable that the tempera- 
ture of the mantle is considerably above 1000°C 
no matter which picture of the origin of the 
earth is assumed. A recent calculation of Urey 
(private communication) indicates a maximum 
in the mantle near 4000°C. At temperatures 
above 1000°C water is not held tightly in any 
mineral lattice. The highest-temperature min- 
erals are the olivines, pyroxenes, and felds- 
pathoids, not amphiboles and micas (Shand, 
1947). To a first approximation, therefore, it 
may be assumed that water will act like argon 
at high temperatures in the matter of escape 
toward the surface. Any process of convection, 
streaming, or diffusion by which argon is ulti- 
mately released to the atmosphere and litho- 
sphere will also permit loss of the similar-sized 
water molecules. It will only be near the 
surface (20-30 km.) that the water will begin 
acting considerably different from argon. Some 
of the water will combine with the crust, and 
the rest will enter the hydrosphere-atmosphere 
with the argon. Assuming then that the frac- 
tion of A“ lost to the atmosphere is the same as 
the fraction of water in the mantle lost to the 
crust and the hydrosphere, it is possible to 
calculate this quantity of water. 

The hydrogen content of total stony meteor- 
ites is 0.06% by weight according to Brown 
(1948). This would give a water equivalent of 
0.54%. Again taking the mass of the earth 
exclusive of core as 4.0 x 10?’ gm, the mass of 
water available for movement is about 2.5 X 
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10° gm. Now if 14% escaped to the crust and 
the surface, 3.4 x 104 gm. was released. This 
value must now be compared to the quantity 
of water in the atmosphere, hydrosphere, sedi- 
mentary rocks, plutonic and metamorphic 
rocks, and crustal basalt. The values of total 
water for the atmosphere and hydrosphere are 
readily available and quite accurately known. 
To calculate the amount in sedimentary rocks 
and sediments, the value used by Kuenen (1946) 
for the total volume was assumed, and the per- 
centage of water by weight inferred from tables 
in Daly (1933) and Rankama and Sahama 
(1950). The “excess” water in the basalt over 
that of the original earth matter (stony meteor- 
ites) was calculated assuming a water percent- 
age listed by Daly (1933) as an average of over 
100 analyses of basalts of all types and assuming 
a basalt crust to 60 km. except under the con- 
tinents where it was assumed to be 40 km. thick 
under 20 km. of granitelike rock. This should 
yield a high value for the total water. The 
average water content of many granites was 
taken from Daly (1933) and assumed applicable 
to 20 km. depth under the land areas. Table 1 
shows the results of these calculations. 


TABLE 1. WATER CONTENT 


PRMOMIIEG «6. 5.6.5.5. c ce seecencs 0.00 « 1074 gm. 
Hydrosphere .........0..0000% 1.4 
Te 0.09 

Granite and Metamorphics..... 0.02 

BD hap Aswnscid wahaciwnae mew’ 0.73 

Total on surface and in crust... 2.2 XX 10*4 gm. 
Escaped in geologic time ....... 34 X 1074 gm. 


In view of the errors involved, the agreement 
is excellent. This appears to prove that it is 
possible that the hydrosphere was obtained from 
the interior of the earth throughout geologic 
time. The greatest uncertainty lies in the 
assumption that the water will act similarly to 
argon at high temperatures. It is interesting to 
note, however, that the numbers in Table 1 
would allow water to have only half the escap- 
ing tendency to argon and still account for the 
hydrosphere, Note, also, that if the amount of 
water calculated to have escaped were several 
orders of magnitude under the observed value 
(Total on surface and crust in Table 1), it 
would prove rather conclusively that the oceans 
could not have come from the interior. 


CoNSEQUENCES 


If the oceans have developed throughout 
geologic time from the interior as these eyj- 
dences so strongly indicate, it means that the 
metamorphic and the granitelike rocks which 
underlie the continents probably have likewise 
(gradually) developed. The problem of the 
formation of granite is a secondary aspect to 
the initial problem of the nature of the original 
crust. Since Ewing and Press (1950) have elim- 
inated the possibility of an initial granitic 
shell by their proof that granite does not exist 
under the Atlantic and Pacific, and, by infer- 
ence, under the other oceans, a new concept of 
the origin of the earth’s crust is required. Such 
a new concept was proposed by Bucher (1950) 
in his presidential address to the American 
Geophysical Union. This concept started with 
an initial basaltic crust which was gradually 
altered along lines of weakness and orogenic 
activity. This concept is consistent with an 
earth that still has 75% basaltic crust and which 
developed by the modern accretion theory. The 
evidences for a derived hydrosphere lend addi- 
tional support to the type of origin Bucher 
proposes because it supplies all the material 
required for the crustal transformation. It can 
be shown by a very simple calculation that, if 
the water which has come from the interior of 
the earth carried only about 0.1% potash, all 
the granitelike rocks could have been made from 
a basalt base. The mysterious “ichor’” of the 
granitizationists may thérefore be neither mys- 
terious nor improbable. While the details of 
the process may be uncertain because of the 
lack of physical and chemical data at these 
temperatures and pressures, the potential effect 
of the present ocean of water moving through a 
basaltic crust carrying various ions such as 
potassium and sodium is adequate to develop 
all the granite observed in the present crust. 
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